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{Or, The Whole Art Doriine, 


i Geometrically : By Scale and Compeffes, by ae 
projecting the Sphere upon the Plain, whereby the i | 
Reafons of the Operations are demonftrated. | | 


evil, Arithmetically : By Sines and Tangents.. 


ALSO, : 

How to deteribe all neceffary Furniture tis Su N- 

' Drats, as the Sun’s Place and Declination; with | — 
the Babylonifh, Italick, and Jewifh Hours, god the & 
Point of the Compafs the Sun is upon atany Time 
of the Day; and to make Dia!s to give the Time | } 
of the Day at any Place propofed, in any Part of | | 
the World. cy 


, WL TUR: 

PL Reflective Dialling: Shewing how to hoi a} 

| Dial that fhall give the true Hour, of the De 
where the Sun cannot fhine. | 

. Yo which is now added, 


[aieiunieatad Dialling: By the Lines of Hours, 
and Inclination upon the Scales, and likewiie Me- 
chanick Dialling, whereby any Perfon may, with- 
out Mathematicks, make a Dial upon any Plain 3 | 
with the Manner of ordering Oy! and Colours for ; 
Painting Sun-Diats, 


Concluding with Tables ready calculated for all band 
‘ titudes and Declinations, for the more expeditious | | 
f Drawing the Hour-lines upon any Plain, | 


By HENRY WEL SON. 


|The Turrp Evirron, corre&ed and Paes he 
By Cuarrtes LEapBETT BE Re 


|LONDON: Printed by H. PARKER, ‘for: 
A. BEPTESWORTH, at the Red-Liom in 
| Pater-nofter-Row. M. pec. xxv. 3 


C2 EE ERNE Mee OY SREAT EN NAN 


HIGTORICAL 
MEDICAL 


eat 
a 


Pe Sts ow 


hae Pa Se 


a aN? Ans = =— 
if MG uh {Ga fer \ Ff 
AS ANN aS “ ey. 
PD SS AR ae & We VHA 
= X a Sa ———, 4 Les Y, | 
TCR een Ya ‘ bi; os 
: — SN | ie ) : Z 
G Cm SS S\\ CY) AN UP IS 
Cy EX Ne & Z fiom 
XS SSS, LE \ 
. SIN Zs 
oS ® 9) (S Sie Se i) LID. AN aK IZ ¢€ =F 


ea aR. Leybourn's Dialling being 
fit) known fo univerfally to be 
| a ufeful practical Piece, we 
_ ...thoughe we could not Det- 
ter oblige the World with a Work of 
that Kind, than by revifing and im- 
proving what was of principal Ule init, 
and rendring it ufeful to all Capacities 
and Abilities ; in order to which, 
I. Ihave corre&ted the Errors in the 
Plates, and what was chiefly ufeful in 
the Theory and PraGice of Dialling, 
in all its Varieties, and upon all Plains. 
I. We have added what was want- 
_ ing tomake it compleat; among{t which 
Additions, are, 1. An expeditious Me- 
thod to find the Sun’s Azimuth: 2. [n- 
firumental Dialling, as performed by 
ee | Ae Sc ya, oe 


Res 


: tnt 3 va Pf ROO 


the Lines of Hours, and Inclinations, 


Sc. upon the common Scales. 3. Me- 


chanick Dialling, fhewing howto make 


a Dial upon any Plain, without Mathe-— 
matical Inftruments, Trigonometrical 
Tables, or any Knowledge in the A/a- 
thematicks. 4. Theordering of Oyl and 
Colours for Painting of Dials; together 
with feveral Varieties, as making a Dial. 
to know the Hour of the Day at any 
Part of the World, &¢. Thefe, with o-: 
ther diverting Improvements, are added! 
in this, which were never in any Im- 
preflion of Leybourn’s Dialling before.. 
TIL We have contracted the whole: 
by reducing the Cuts, and engraving} 
them on Copper-plates, whereby the: 
Book, (tho’ containing all the above-- 
mentioned Additions) will come chea- 
er than the former Impreffion. | 

I know it is a common Objection. 
that let a Book be never fo plain, it iss 
impoffible to learn any Science, (whe-- 
ther Dialling, or any other) fo well byy 
a Book as with a Matter. I anfwer, that! 
may in fome Meafure be owing to # 


Want of due Order and Application im 


reading the Book; as for Inftance, Sup» 
pofe having this Book, and no Inftruc: 
tory 


| 


To the READER. ©. 
tor, and it was required to make a Ho- 
rizontal Dial in Lead, Brafs or Stone, 
turn to Page 37, and there you have fuch 
plain InftruCtions, as if follow’d, you 
cannot mifcarry in your defired Succefs. 
Likewife, if, it be required to make a 
South Dial, ora Declining, or Reclin- 
wg, or Inclining Dial, Sc. Look in the 
‘Table following, it will direct you to 
the Page, Chapter, and Section, where 
you have full Directions. alia br 

Anp becaufe this Book may probably 
come into the Hands of fome Ma/ous, 
Carpenters, or the like, in the Country, 
that have not.attained fo much: Matheg 
maticks, as to.qualify them for undeit: 
_ftanding thefe Dire€tions, I have, : for 
that Reafon, inferted Mechanick Dial- 
_ tg, (Chap. 11. Page 215.) whereby a- 
ny Perfon that can but read and write; 
may (by the Directions there given) 
make any Plain Dial, and perform the 
whole as well as they; that have attain- 
ed a greater. Perfection in the Mathe- 

maticks.. | miei big. 

Ido not know of any Difficulty the 
Learner can be under, except in this, 
that having defcribed the: Hour-lines, 
ec. upon his Dial, yet there is not a - 

ee a A | Painter 


vi To The READER. 


Painter prefent that underftands the lay= 


— ing on of Colours in Oyl, fo as to en- 
dure the Weather, and confequently be 
fit for painting of Dials. | 

' . ‘Fo prevent, or rather anticipate this 
Objection alfo, I have given Directions 
for the ordering of Ovl and Colours for 
painting of Sun-dials, (Page 254.) fo 
that this Piece of Dialling, with all 
the above-mentioned Improvements, 
and others therein contained, and nor 
here mentioned, I think, may, with- 
out Prefumption, be recommended fo 
the World, as the moft perfe? Com- 


pendium of Dialling now extant ; and — 


Hiditcbe faid that Mr. Good’s Dialling 
hath acquired. the Name of a ufeful 


Book, it is-eafily proved, that it is in — 
Part onlya Copy of this, as will ap- - 


pear, by comparing the two laft Plates 

in Good’s Dialing, with Plate 9 and 16 

in this Impreflion of Leydourn’s Dial- 

— «fingsiand if an imperfect Copy, or Ab- 
ftraét, be of Ufe, I hope much more 

_ the Original, with thofe ufeful Addi. 
tions with which it is now improv’d, by 

rf] ""t ® . 
MM true Lover ofthe Mathematicks, 


CHARLES LEADBETTER, 
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f ‘HE Atrtificer’s Looking-Glafs: Con- 


taining, an exatt and diverting Repre- 
fentation of the Lives, Conduét, Charatters, 
and various Humours of the following Profel- 
fors;, as it was taken from their own Mouths, 
in their feveral refpettive Addreffes to Mo- 
ther Art. Viz. Limners, Stone-Carvers, 


_Glais-Blowers, Frame-work-knitters, Tay- 


lors, Hatters, Carpenters, Joyners, Brick- 
Tayers, Sawyers, Plaifierers, Glaziers, Wea- 
vers, Wine-Coopers, Potters, Dancing-Ma- 
{ters, Pipe-Makers, Watch-Makers, 3c. By 
Edmund Carter, Philo- Ars. Printed for Ff. 
Wilford at the Crowm near Stationers Hall by 

Ludgate-Street. Price One Shilling. 


Anthmetick, Geometry, Aftronomy, Geo- 
graphy. and Navigation; the Ufe of the 
Globes, Maps, €7c. Surveying, Gauging and 
Dialling, are carefully Taught by Charles Lead- 


better at the Hand and Pen in Cock-Lane, 
Shore-Ditch, London. 


Globes, Spheres, Barometers, TFhermo- 
meters, Telefcopes and Aftronomical Qua- 
drants, Declinators for Dialling; all Sorts of 
Mathematical Inftruments in Silver, Brafs, 
Ivory or Wood, according to the beft Im- 
provements; are accurately made and fold by 
John Fowler, at the Globe in Sweeting’s- Alley 
by the Royal Exchange, London. Allo Ma- 


thematical Books fold, 


Geome- 


Geometrical Problems, 


PRO B-LB Miche 
‘Upon a Right Line given to ereth a 


Perpendicular. 
DEFINITION. 


af) Right Line is faid to be perpendicular. 

Ali to another Line, when it maketh the 
#4; Angles on either Side of the erected 

ei9 Line equal; that is, fo that the Line 
~~ inclines not either to the Right or to 
the. Left, but ftandeth upright upon the Line. up- 
On which it is erected, as in Plate 1. Fig. 1. the 
right Line A B is faid to be perpendicular to 
the Line C D, upon which it is ere€ted, becaufe 
the Angles on either. Side thereof are equal ; 
namely the Angle A BC on the one Side, js e- 
qual to the Angle A BD, on the other Side, and 
either of thefe Angles are. called Right wget 
ean 


2 Geometrical’ Problems. 


and the Line A B fo ereGed, is called the: 
Perpendicular. 


PRACT IC £. 


Let C D bea right Line given, and let it be 
required to erect a Perpendicular thereupon, from. 
the Point B: Open yeur Compaffes to any con- 
venient final] Diftance, and fetting one Foot in 
| the Point B, with the other, make the 

Plate 1. other two Marks E and F, on either 
Fig. 1. Side of the Point B. This done, 
open the Compafles to any other con-- 
venient Diftance greater than the former, and fet- 
ting one Foot in the Point E, with the other draw 
the obfcure Arch G G, as.near as you may gues. 
over the given Point B. Again, (the Compaffes. 
being ftill opened to the fame Diftance) fet one 
Foot in the Point F, and with the other Foot de- 
fcribe another obfcure Arch H H, croffing the for- 
mer inthe Point A, fo is A the Point, through. 
which if you draw a. right Line from ‘the given 
Point B, that right Line A B fo drawn, thal be 
perpendicular to the given Line C D, ‘and from 
the Point B, as. was required. 


BEER PRE ES eae 


PRR OF Bs El 


How spon (or near) the End of a given right Line, 
to erect a Perpendicular. 


“O effec this, there are feveral Ways, but I: 

| will inftance Only in two, which are familiar 
and eafy. 

The. 


Geometrical Problents. a, 


Let AB bea Line given, and from the Point." 


A, which is towards the End thereof, let it be re- 


guired to erect a Perpendicular A C. 

—Firft open your Compaffes toany Plate x. 
{mall Diftance, and fetting one Foot Fig. 2, 

in the given Point A, with the other. 

defcribe the Arch F E D ; then fet one Foot of 
the Compaffes in D, (they being open’d to the 
fame Diftance) crofs the Arch in E, and. fetting one 
Foot in E, with the other defcribe the Arch A F 


- Gcroffing the firft Arch in F.+~—— Again, fet one 


Foot in F, and with the other defcribe the fmall! 
Arch H H, crofling the former in the Point C: 
So the Line A C being drawn, it fhall be per- 
pendicular to the given Line A.B, and from the 
Point A, as was required. 


The. Second Way. 


Let-B be the Point given, and from it let 1t bé- 
required to draw the Line BI, perpendicular to. 
AB. ——» Open the Compaffes to. any finall Dif- 
tance, and fetting one Foot in the given Point B, 
pitch down the other Foot at all Adventures, as at» 
K, fo. the one Foot being in K, turn the other. 
Foot about till it crofs the given Line A B in L, 


then through L, and. K. draw the Line LK M,,. 


and fet the fame Diftance K L, from.K to M, fo 


the Line BI drawn from B, through M, {hall be: 
perpendicular to A B, and from the given Point. 


B, as. was required, 


PRO B.. 


4 Geometrical Problems. 


Ogtesoreseeesegesecas 
PROB. UL 


How:-from a Point above to let fall a Perpendicular 
Mi toa right Line grvew.. 


'N this there are two Cafes. Firft, when the 


- Point above is over (or near) the middle of the 


Line. And Secondly, when the Point above. is 
near over the End of the Line. 


The Firft Way. 


Err RO be a right Line given, and from the 


Point P, over it, let it be required to” 


Plate 1. Jet fall the Perpendicular PQ -— 
Fig. 3. Fitft, open your-Compaffes to any Di- 

{tance greater than P Q, and tetting 
one Foot in the given Point P, with the other 
defcribe an Arch of a Circle, cutting the given 
Line RO, in the Points RS. Then, Secondly, 
divide the Space between R and S in two equal 
parts in Q, (by the fourth Problem following) fo a 


Line drawn from the given Point P to Q) fhall: 


be perpendicular to the given Line R O; 
The Second Cafe. 


Let V be the point given, from whence to let 
fall a Perpendicular to the. Line R O, Firff, 
from any part of the given Line RO, as from 
T, draw a right Line to the given point V, which 
Line (by the next Prodlem) divide into two equal 
parts in the point X, with that Extent of the. Com- 
paffes (one Foot being placed in X) with the o- 
ther-defcribe the Arch or Semicircle V O T, cut- 

ting 


Geometrical Problems. 5 


ting the given Line R O inO, a Line drawn from _ 
V to O fhall be perpendicular to thegiven Line R 
O, and towards the End thereof, as was required. 


4 


AE LE Rp be eee ie eee aN oe 


Po OTF. LY. 
How to divide aright Line given into two equal parts, 
Lé T the Line A B bea Line given, to be di> 
vided into two equal parts at right Angles. 
Take in your Compaffes the length of the Line A 
B,.or (if that be too long) any other Diftance a- 
bove half the length thereof, and fetting 
one Foot inthe End A, with the other Plater. 
- draw the Arch CDE, (then the Com- Fig. 4, 
paffes unaltered) fet one Foot in B, and 
with the other Foot crofs the former Arch (both a- 
bove and below the Line) in the points F and G3 
then a Ruler laid from F to G fhall cut the given 
_ Line in H; fo fhall A B be divided into two equal 
parts in the point H, which was required. 


PEEL UES OU OEE OECD SUE OEE RUE C1 be 


PB OsBiawWy 


A right Line being given how to draw another right 
_ Line, which fhall be parallel thereunto, at any 
Diftance required, or through any Potwnt affigned. 


D'ExskL NET lO 


OF Parallel Lines there are principally two 
" kinds, wz. Strait or Right Lined Parallels, 
and Circular Parallels. A\\ Circles that are defcri- 
bed or drawn upon the fame Center, whether ney 
it 


r 


6 Geometrical Problems, 


be greater or leffer one than the other, are faid 
to be Parallel or Concentrick Circles, as 
Plate 1. the Circle A BC D may be faid to be 
fig. 5. a Concentrick Circle with, or a Parallel 
“Circle to E F GH, becaufe both of 
them are defcribed or drawn upon the fame Point 
or Center O; and of both thefe Circles, the right 
Line A C is the Diameter of the greater Circle, 
_ and EG of the leffer, the point O is the Center 
of both, and all right Lines drawn from thence 
to the Periphery, Circumference, or Limb of either 
of the Circles, are equal, and are fometimes cal- 
led the Semidiameters, and fometimes the Radius 
of the Circle, as the Lines OC or OB of the 
greater, and O H and OE of the leffer; it con- 
taining 60 fuch Degrees or Parts, of which the 
Whole Circle contains 360. 

_ Bur Right LinedParallels, are fach right Lines, 
that being drawn upon the fame Plain, and infi- 
nitely extended on either 
Side, would never con- B 
cur or meet,. but always be 
in all parts retain an e- 
qual Diftance, and fuch are the right Lines B- C,, 
and B D, in the Margin. , 

In the defcribing or drawing of parallel Lines, 
there may fall out two Cafes or Varieties: As, 

I. Ir may be required to draw a Right Line 
parallel to another. Right Live, at a Dit 
tance given. 

z. Ir may be required to draw the Parallel 
Line through a Point affigned. 

AND of this kind there may be two-Cafes ; For, 

1. THE given Point may be over or under. 
the given Line; Or, 

2. Ir may be oblique to the given Line. 


PK A- 


D 


Geometrical Problems. 7 
EB bet Gh GE: 


Of the Firft Cafe. 


- Let EF bearight Line given, and let it be 
required to draw another right Line parallel there- 
unto, at the Diftance of the Points Gand H. | 

_ TAKE in your Compafles the given 

Diftance G H, then ferting one Foot Plate 1. 
of the Compaffes in E, (or any other fig. 6. 
Point near the End of the given Line) 

defcribe a fmall obf{cure Arch. of a Circle, as IK: 
Then moving the Gompafles to F, (towards the 
other End of the given Line,), defcribe another 
obfcure Arch as L. M; then lay a Ruler to the 
very Top of thefe two Arches,. fo that the Ruler 
do not crofs, but juft touch either of them: Then 
by the fide of the Ruler draw the Line N-O, and 
it fhall be parallel to the given Line EF, and at 
the Diftance G H, which. was required. 


The Second Cafe. 


Let P Q be aright Line given, and let it be re- 
quired to draw another right Line parallel thereun- 
to, which fhall pafs through the Point R. | 

First, fet one Foot of your Compaffes.in the 
given point R, and with the other take the near- 
eft Diftancetothe given Line P Q, which 
is done by opening or fhutting of the Plaze 1. 
Compafies, till the moveable Point do. Fig. 7. 
Only touch the given Line PQ, de- 
fcribing the Arch s t. The Compaffes ftill refting 
at this Diftance, fet one Foot in P, (or any o=. 
ther Points to the End of the given Line) and. 
with the other Foot defcribe the Arch ux. Laft- 


IY. 


| g * Geontetrical Problems. 


ly, By the very Top of this Arch Y, draw the 
right Line Y R, and:it fhall be-parallel to the gi- 
ven Line P Q, and fhall pafs direétly through the 
given point R, which was required. 


Fhe third Cafe. 


Let A B bea right Line given, and let it be re- 
quired to draw another right Line parallel there- 
,anto, which fhall pafs through the point C. 

TAKE in your Compaffes the Diftance from the 

given point C, to the End of the given 
Plate 1. Line B, then fet one Footin A, the o- 
aes 8. ther End of the given Line, and with 
the other Foot defcribe the Arch f g. 
Again, Take in your Compafies the length of the 
given Line AB, and fetting one Foot in C, with 


the other defcribe the Arch d e, crofling the for 


mer Arch in the Point o, to the Line o C being 
drawn, fhall be parallel to the Line A B, and fhall 
pafs through the given Point ©, as was requited. 


HMI Leo LOL Te SOS Se oa 


_ Auay Three Points (which are. wot ina frraight Line), 


being given; how to find the Center of a Circle, 
which fall. pafs through thofe three given Poixts. 


T= T the three given Points be AB and C, 
through which it is required a Circle fhould’ 

be defcribed: Firft, Set one Foot of the Compaf- 
{es in one-of the given Points as in A, and extend 
the other Foot to B, another of the Points, and 
draw 
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draw the Arch of a Circle:GE D. apenas 
The Compaffes not altered, fet one Foot 
in B, and with the other crofs the for- Plate 1. 
mer Arch with two finall Arches, in Fig. 9. 
the Points D and E, and draw the right 
. Line D-E. Thirdly, Set one Foot of the Com- — 
- paffes in the third Point C,» (they ftill keeping the 
fame Diftance) and with the other Foot crofs the 
 firft drawn Arch G E D, in the Points B and G, 
and draw the right Line E G, croffing the former 
right Line D E, in the point O. So is O the 
Center fought for ; upon which, if you defcribe a 
Circle at the Diftance O A, it fhall pafs through 


all the three given P eae AB and C, as was 
required. d | 


sx ve] CAA 
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POR! ©. -8)" At: 


Two Points within a Circle being given, how to find 
the Center of a Circle, which being defcribed, fall 
pafs through the two given Points; ‘and fall alfo 


Pde the “Periphery or Circumference of the giver 
Circle into #wo equal Paris. 


HIS and the foregoing SiroStions come in 
continual Ufe and Practice throughout this 
Work, and therefore ought more efpecially to be 
minded. 
Lert the Circle given be ABCD, and thetwo 
Points within the fame be E and FP. 
First, Vhrough either of the given Points, (as 
E,) draw a right Line BE D, which mutt pafs 
through the Center of the given Circle at R.- 


Secondly 
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~ Secondly, draw the Line A C through the Center,, 


and at right Angles to BED. —— Thirdly, from, 
the given Point FE draw a right Line E 
Plate 1. A, and upon the End thereof A, (by the 
Fig. to. fecond Problem) ereé& the Perpendicular 
AG, croffing the Line B D, (it being 
extended) in the point G, fo thall G be a third 
Point, and then having the three Points E F and 
G, (by the laft Problem) you may find a Center, 
upon which a Circle being deferibed, thal] pafs, 
whofe Center will be at H, without the given 
Circle, upon which point, if you defcribe the Arch 
of a Circle at the Extent or Diftance of H ee S 
P, or HG, it thall pafs through the two given 
Points E and F, and divide the given Circle into 
two equal parts in the points M and L, which was 
required. And that this Arch thus drawn doth dj- 


_ vide the given Circle into two equal Parts, is evi- 


dent; fora Line drawn from L to M will pafs 
direétly through the Center of the given Circle, 
and fhall therefore divide it into two equa! parts. 
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How to make a Line of Chords Geometrically, to 
any aligned Length or Radius. 


POasmucn as through this whole Treatife, there 
is continual Mention and Ufe made of a Live 

of Chords, it will not be impertinent in this place 
to difcover the making thereof, for the Conveni- 
ence of fuch, as at all Times, and in all Places, 
cannot have the Benefit of the Mathematical 
ay Laftra- 


afirument Maker, to whom thefe Things are 
mmon. 


DEFINITION. 


A Line of Chords is no other than 90 Degrees 
of the Arch of any Circle, transferred from the 

_ Limb of a Circle to a ftraight Line; now every 
Circle great or fmall, is divided (or fuppofed to 
be fo) into 360 equal parts, called Degrees, fo 
the Semicircle contains 180, the Quadrant 90, 
and the Radius or Semidiameter (which is that _ 
Line upon which the Circle or Semicircle is de- 
{cribed) noted in the following Figure with the 
Letters A B, is always equal to 60 Degrees of 
that Circle which it defcribes, and therefore 60 
Degrees of a Live of Chords is called the Radius 
thereof. Thus much for the Definition of a 
Line of Chords ; now for 


CONCLUSION. 


First, Draw a right Line of any length, as 
F B D, and near the Middle thereof, (by the 
firft or fourth Problem) ere& the Perpendicular 
AB. 

Secondly, Open your Compaffes to the Radius, 
yor length that you would have your Live of 
_ Chords tobe of, which fuppofe A B, and with that 
_ Diftance upon B, as a Center, defcribe the Qua- 
drant RSA D. | 
‘Thirdly, Divide the Arch or Quadrant A RSD, 
_ into 90 equal parts or Degrees, which you may 
_ do in this Manner. (Take the Length of the 
Line A By and fet that Diftance upom the Qua- 
Me | drant 
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Ronde 
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drant A D, from D to R, fo is.D R 60 deg. and} 
A R30 deg. Then take the Diftance AR, arf@il 
fet it from D to S, fo is the Quadrant divided jn-- 
to three equal parts, at the points S and R,, 
each containing 30 deg. This done, divide the: 


~ feveral Spaces between A R, ‘RS, and S D, into» 


three equal parts, each of which will be 10 deg.. 
according as you fee the Numbers fet to them 3; 
thefe muft be again divided into two equal parts,, 
each part containing 5 deg. and every of thofe: 
into five fmaller, as you fee in the Figure, andj 
fo will the whole Quadrant be divided into» 
90. sk 4 
paki The Quadrant A RSD being thus; 
divided into 90 parts or degrees, fet one Foot 
of your Compafies in D, and open the other Foot: 
to A, and defcribe the Arch A E F, touching the: 
Line F D in F, fois D F upon the right Line F' 
D, the Chord of 90 deg. 

Fifthly, Open the Compaffes from D to $0 deg. , 
| and defcribe the Arch 80 GH, fo fhall | 
Plate 1. H be the Chord of 80 deg. | 
Pee EL. Sixthl;, Open the Compaffes from D! 

1 to 70, and defcribe the Arch yo I K, fo: 
is DK the Chord of 70 deg. | 

Again, Open the Compaffes from D to R; the: 
Radius, or So deg. and defcribe the Arch R\LB,, 
fois DB the Chord of 60 deg. equal to the Ra-: 
dius. | 

Do the like with 50, 40, 30, 20, and 10 deg.. 
So fhall you have the Line DF divided into 90) 


unequal parts called Chords. 


In this Manner may you make a Live of Chords: 
of any length, and fet it upon a Ruler, and it is 
fit to perform all the Ufes in this Book ; and it 


Were convenient that upon one and the fame Ru- 


ler, you had three, four, or five Chords of feve- 
- ral 


any Geometrical Problems.  —-¥3 
‘ral Lengths or Radius’s, or a Seétor, which an- 


_ fwers the fame End, as in Praétice you will find 
to be neceflary and commodious. 


s 


Being thus provided of a Line of Chords, [will 

; now foew you how to work two Conclusions 

Geometrically, which are of abfolute Ufe in 

‘Dialling, the one is to find the Hour of the 

Day, and the other. to find the Azimuth of 

the Sun at any Time, and in any Place. 

And with them I fhall’ conclude thefe Geo- 
metrical and Aftronomical Elements. 
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=1 OR the better underftanding of that 
Mi} which followeth, the Reader ought 
to be acquainted with the principal 
Circles of the Sphere; as alfo with 
fuch other Lines and Points, as are 
defcribed and noted upon the Material Sphere or 
Globe, in Imitation of thofe which are imagined : 
to be in the Heavens. And of fo many of thefe 
as are neceflary for this our prefent Purpofe, I 
fhall give you a brief Account. 


= 


DEFINITIONS. 


A Sphere or Globe is a folid Body, containing 
only one Superficies, in whofe Middle there is a 
Point, from whence all Right Lines drawn to this 
Superficies are equal. 

THE principal Circles of which a Sphere or 
Globe is compofed, are in Number ten; whereof’ 
fix are great and four are fmaller Circles. 

A great Circle is that which divideth the Body 
of the Globe into two equal Parts or Hemifpheres. 
A fimall Circle is that which divideth the Globe 
into two unequal Parts. i 

The 


- 3. The £¢umodiial, 


Le oma, Lee’ 
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| Lhe fix great Circles are, ‘ 


S+ The Eciipzick, 


ie oh The two Colures. 


2, The Meridian, ° 
6 


The leffer Circles are, - 
1. The Tropick of Caz-) C3. The Artick Circle. 
cer. 
2. The Tropick of Ca-C )4. The Axtartick 
pricornz. Cucle. 


Or thefe in the Art of Dialling there are prin- 
Cipally but five to be taken Notice of, viz. three 
great Circles, and two fmaller Circles. 


The great Circles are, 
. The Horizoz, 


. The Meridiaz, 
. The Aguinodial. 


wd te 


The leffer Circles are, 


1, The Tropick of Cancer, 
2. The Tropick of Capricorn. 


I. Ofthe HORIZON.» 


In the Figure, let the outermoft Circle thereof, 


noted with the Letters HZON, 

-teprefent a Sphere or Globe, then Plate 1. 
_the Horizon is a Circle which di- Fig. 12, 
_Wideth or feparateth the vifible Pare 

Of the Heavens which we fee, from the invi- 


Be a fible 


16 — Aflvonomy.. 

fible Part which we fee not, and is reprefent-- 
ed in the following Figure:by the Line (which 
reprefents a great Circle) H QO, feparating the: 
vifible Hemitphere H Z O, which we fee; fromn 
the invifible Part thereof H N O, which we fee: 
not. 


Il. Of the MERIDIAN. 


Tue Meridian is a great Circle of the Sphere: 
which paffeth by the Poles of the World, and! 
| through the Zenith and Nadir of? 
Plate 1, ..the Place: To this Circle when: 
Fig. tz. the Sun cometh, he being above’ 
a -» our Horizon ,° maketh Noon. or’ 
Mid-day, and being ‘in the fame Circle, when 
it is under the Horizon, it is then Mid-- 
night. 

Tue Zenith is that Point in the Heavens which; 
is directly over your Head, in what Part of the; 
‘World foever you be. And, | 

Tue Nadir is that Point in the Heavens which) 
is under our Feet, dire€tly oppofite to the Ze- 
nith. | 
Tue Meridian Circle in this Figure is noted: 
with the Letters H'Z ON, the Point Z at the: 
Top reprefenting the Zeaith, and N_ the Nadsr 
Points. 


Ill. Of the E QUINOCTIAL. 


Tur ¢inodial is a great Circle of the Sphere, 
dividing it into the Northern and Southern Hemi-. 
{pheres, which take their Names from the two 
Poles, that being called the © Northern Hemi- 
fpbere, in which the North Pole is feated, and 
chat the Suatherz,. in which the South Pole is ar, 

ed. 
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ed. Unto’this Circle, when the Sun in his annual 
Motion arriveth (which its but twice in the whole 
Year) the Days and Nights are of equal Length 
through the whole World. 3 

Tus Citcle cutteth the Axis of the World at 
Right Angles, and is feated in the Heavens. 90° 
‘Deg. or a, Quarter of a Circle, diftant from: eci~ 
ther of the Poles. | 
_’ Iris reprefented in this Figure by the Line or. 
Circle /E Q 2. Fhe two Poles are noted with P 
and S; P being the Norzh and S the South Pole 3. 
and fo the Hemifphere «P JE, is the Northerz, 
and JES 2 the Southern Hemifphere. And the right 
Line P QS is the Axis of the World, crofling the 
Aguinodial at Right Angles in Q, the Center, .or 
middle Point of the Sphere or Globe. 


IV. Of the two TROPICKS. 


_ THE two Tropicks are fmaller Circles of the: 
Sphere, defcribed parallel to the /Equinodtial Cir- 
cle, and at 23-Deg. 29 Min. diftant therefrom; | 
“that being the greateft Declination that the Sun 
hath from the /Equinoétial towards either of the 
Poles. Of thefe Circles one is called the Tro- 
pick of Caxzcer, or Northern Vropick; the other 
the Zropick of Capricorn, or Southern Tropick, fo: 
denominated from the Poles which they refpeé or: 
behold. As the Tropick of Cancer, marked with 
the Charaéter of Cancer, & @ at each End. 
‘thereof beholdeth P, the North Pole, and the: 
‘Tropick of Capricorn, noted with the CharaGers 
Of Capricorn, ve ve at each End thereof, refpec- 
teth S, the South Pole. a 
' Tuese two Circles are the Bounds or Limits of 
the Sun’s Courfe, for between them he always 
Moveth, never going more Northward or South-. 
VO , B 3 | ward, 
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ward, (that is, declines not nearer to either of the 
Poles) than 23 Deg. 29 Min. Where- 
Plate 1. fore, when the Sun in his annual 
fig, 12. Courfe thall arrive to the Tropick of’ 
Cancer, which is about the roth of’ 
Sune, he maketh the Lozgeft Days to all that in- 
habit in the Northern Hemifphere. And when 
he arriveth to the Tropick of Capricorn, which is 
about the r1ith of December, he maketh the Shorte/t 
Days to thofe that inhabit the Northern, and the 
Louge/t to thofe of the Southern Hemifphere. 


Befides thefe Circles here uamed, there are divers o- 
thers defcribed upon the Globe, swo Sorts whereof" 
are of great Ufe iv Dialling. 


Four Circles, and Aximuths. 


H°? U R Circles are great Circles. of the Sphere, , 
* which’ meet together in the Poles of the , 
World, and crofs the AEquinoGial at Right An- | 
‘gles, of which the Meridian (or outward Circle 
in this Figure) is the Hour Circle of 12, the 
ftreight Line P Q S, which reprefents the Axis of * 
the World, is alfo the Hour Circle of Six, and all 
the reft of the Hour Circles are drawn from Pele 
to Pole between them, as the Circle P AS, re 
prefents an Hour Circle, and fo of all the reft, 
which are 12 in Number, reprefenting the 24. 
_ Hours of the Day and Night being taken round 
the Globe or Sphere. 


Azimuths are alfo great Circles of the Sphere, 

- mecting together in the Zezith and Nadi Points, 
and fall upon, or interfeG the Horizon at Right 
Angles; as the Hour Circles do the Atquinoétial. 
Of thefe Circles, the outermoft Circle of this Fi- 
gure: 
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ure reprefents the North and South Azimuth ; 


‘and the Line ZQN the Aziniuth of Eaft and . 


Welt, ‘and is commonly called the Prime Vertical 
ircle. And all other. Circles drawn through.the 


Lenith and Nadir Points, and cutting the Hori- 


“ton at Right Angles, are intermediate Azimuths 


between the Eaft and Welt, or the North and 


South Points. Asin Plote 1. Mg. 12, the Circle 
ZBN is an intermediate Azimuth between, the 
South and the Weft. 

Every Circle of the Sphere hath its proper 
Poles, which are always 9o Deg, diftant from it 


‘in ar Parts. 


So in the cet Figure Z the Zenith, and N 


the Nadir Points, - are "the Poles Qf the Hosizon, 


they being 90 Deg. diftant from O the South 
Point, trom Q the Weft Point, and from H the 
North Point of the Horizon. 

ALSso Q is the Pole of the Meridian Circle H 


ZON, it being 90, Deg. diftant therefrom in all 


Parts. 
Acatin, P and S, the North and South: Poles of 


the World, are alfo the Poles of the ZEquinodial 


Circle, they being removed therefrom. on either 


Side poze) Deg. é 


But the Pole of the Hour-circle P AS is at C, 
and the Pole of the Azimuth.Circle Z BN is at. 
D, and how to find thefe Poles, and alfo the Poles 
of any Oblique Circles, fhall be difcover’d 1n di- 
verfe Places of the following Difcourfe, where 


' there is often Occafion for the finding of them. 


_ Note, And whereas throughout this Book there is 
continual Mention made of Degrees and Minutes, 
know that a Degree is the 360th Part of any 
Circle, each of which Degrees is fuppofed to be 
divided into 60 Parts called Minutes, fo that 45 
eae wc" Mae 
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Min. is three Quarters of a Degree, 30 Min. half* 
a Degree, and 15 Min. one Quarter of a Degree,, 
&c. : | 


THESE are fuch Affrozemical Elements, as I con-: 

ceive, moft neceflary for the underftanding that: 
which follows ; 
- Ir refteth now, that I fhew how to perform 
two or three Affroxomical Couclufions Geometri- 
cally, without which the Knowledge of making 
of a Dial will be of little Validity; fof to what 
Purpofe will a Dial ferve without it be rightly 
placed ? Or how can you make a Dial for any ap- 
pointed Place, without you firft know the Pofition 
or Situation thereof? And to thefe Purpofes are 
the following Conclufions fubfervient. 


And becanfe it is requifite to know at all Times of 
the Year, what Declination the Sux hath from 
the “:guinociial either Northward or South- 
ward, I have therefore at the End of this In-~ 
troduction, inferted two Tables, the ene foewing 
the Sums Declination every Day in the Year. 

_ And the other, a Table fbewing the Latitudes | 
“ej all the Principal Cities and Towns in Eng- | 
-~ ., jand. Scotland azd Ireland. | | : 


PROB, 
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| Sun, and the Day of the Month given, to find the 
Hour of the Day, and Aximath of the Sun. 


TEt the Place be Lowdox, whofe Latitude is 51: 


deg. 32 min. North. Let the Sun’s Altitude 

be 45 Deg. 

the 11th of May, at which Time, by the follow - 

ing Table, the Sun’s Declination is 20 Deg. 29. 
Min: North. 

First, Defcribe the Circle HZON, reprefen-. 


ting the Meridian of the Place; ——- Crofs it at 


Right Angles with the two. Diameters H Q O,. 


for the Horizon, and Z QN for the Prime Ver-_ 


tical Circle, or Azimuth of Eaft and Wett.. | 
_Seconnry,, Take 51, Deg. 32 Min. the Latitude 


of the Place, out of your Line of Chords, and. 


: Yaving the Latitude of the Place, the Altitude of the: 


And let the Day of the Month be 


‘fer it from H.to P in the North, -and from O too. 


the South Pole; .and draw the Line PQ S, for the 
Axis of the World. . And becaufe the AE quinoc- 


tial Circle is in alkParts diftant from the Poles of — 


the World 90 Deg. take 90 Deg. of your Chord, 


and fet thém from P to AL, aid from Sto 2, and, 
draw. the. Line. A. Q 2x. for the A®quinoctial, 


WGircle,., 


Tuirpry, The Sun’s Altitude given being 45; 


Deg... Take 45. Deg, from your Chord, and fet, 


them from H to A, and from.O.to T ; and lay a, 


-Raler cither.from.H to T, or from G to A, and 


the Ruler. will crofs.the Prime Vertical Circle in 


“L, through which Point the Circle of the Sun’s 
“Altitude muft be drawn, and for the drawing of 


’ 


“it,you have three Points A L and T, wherefore ~ 
4 ee ye: by f 
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by the 6th Problem beforegoing you may find its 
Centre, which will always be in the Prime Verti- 
cal Circle Z QN extended. 

Fourtuiy, The Sun’s Declination for the Day 
propofed, (wz, the 11th of May) being 20 Deg. 
20 Min. Northward, therefore take so Deg. 20 
Min. out of your Line of Chords, and fet them 
from Au to C, and from e to D, towards P the 
North Pole, becaufe the Declination was North, 
otherwife it fhould have been {fet towards S the 
South Pole. Then laying a Ruler either ftom 
to D, or from xto C, it will in both Cafes cut 
the Axis of the World in E, through which Point. 
the Parallel of the Sun’s Declination for that Day 
mutt be defcribed, and for the drawing of it, you 
have three Points, DE, and C, whofe Centre 
will always bein the Axis of the World S Q P, 
extended, and may be found by the former 6th 
Problem. | 

FirTuiy, Obferve in your Scheme, where the | 
| Parallel of Altitude ALT, andthe 
Plate 1. Parallelof Declination DE C, do 
fig.13.  crofs each other, which will be at’ the - 

Point ©, and that is the Place of the 
Sun at the Time of the Queftion. 

SIXTHLY, By the fore-mentioned 6th Problem, 
draw an Hour-circle through the three*Points P 
© and S, whofe Centre will always be in the AR- 
quino¢ctial Line extended, if Need be; alfo thro’ 
the Points Z © and N, draw an Azimuth Circle, 
whofe Centre will always be in the Horizon ex- 
tended when Need requires. | 
_ TuEsr two Circles being thus drawn, your 

“Scheme is prepared for the finding both of the 
Hour and Azimuth in this Mariner. 


}. For 


ae 
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J. For the HO UR. 


Lay a Ruler to P, the Pole of the World, and 
G the Point where the Hour-circle croffeth the 
» Equinoétial, and the Ruler will cut the Circle 
ina. So the Diftance from a to being mea- 

- fared upon the Line of Chords, will be found to 
contain 41 deg. 48 min. which is the Hour of 
the Day, counted from Noon, which reduced in- 
to Time (by allowing 15 deg. to an Hour, and 1 
deg. to 4 Minutes of Time) will be 2 Hours 47 
Minutes, that is, either 47 Minutes afrer 2 in the 
Afternoon, or 13 Minutes after 9 in the forenoon. 


Il.. For the Azimuth. 


Lay a Ruler to Z the Zenith, and to B the 
Point where the Azimuth Circle croffeth the Ho- 
rizon, and the Ruler will cut the Meridian Cir- 
cle in the Point 4, fo the Diftance 6 O being mea- 
fared upon the Line of Chords, will be found 
to contain 62 deg. 8 min. And fuch is the Sun’s 
Azimuth from the South Part of the Meridian — 
Or the Diftance N 4 being meafured upon the 
Chords, will be found to contain 27 deg. 52 min. 
which is the Sun’s Diftance or Azimuth from ei- 
ther Eaft or Weft, according to the Time of 

‘the Day. | 


Tuus by one and the fame Projection of the 
Sphere, you have found both the Hour Chive @ 
the Azimuth, and many other Conclutions 
Aftronomical might be wrought by this way 
of Projection, which I have more fully fhew- 
edin my Geometrical Exercifes. But feeing 

| that 
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that the Azimuth is of fuch frequent ufe in. 


Dialling, that nothing can be.done to pur. 


pofe without it, and that im this Way of. 


Projection, fometimes the Centres of the 
Circles will be very remote, I will: here 
thew you another Geometrical Way, where- 
by: you may find: the. Azimuth. at any Time, 
and in any Place, by ftraight Lines, which 


will be fome Light and Eafe to the Pra@i-. 


tioner, that fo he may compare one Way 
with the other in Cafe of any Doubt, which 
will be a good Confirmation of his Work. 


Another Way to find the Azimuth. - 


EE T the given Latitude be 51 deg. 32 -mini: 
= Tue Declination North; 20: deg. 
Tue Sun’s Altitude 40 deg. 
AND: let the Sun’s’ Azimuth be required..: 
First, Upon -the Centre Q, defcribe the Se- 


HH) micircle H ‘ZO far half the.Meridian, . 
Plate i.. and upon. Q, raife the Perpendicular . 


fig. 14s QZ. 


SECONDLY, Set -(by the Help of -your 
QLine- of Chords) 5% deg. 32:-min. the Latitude 
of the Place, from Z to, and draw AG Q for; 


the Equinoéttal. 


Tuirpry, Set~20 deg. the Sun’s- Declination, _. 


from:, AE .towards Z, to the. Point D, (being 


it-is North) and draw the Line D T parallel « 
to 2 Q, fois DBT the Parallel of the Sun’s 


Declination. 
FOURTHLY, Set-.40: deg. the Sun’s Altitude 


given, from_O..to L,. and- from H-to.M, and. 


draw. the. Line M$ L,. for the Parallel of Al- 
titude.. | 


PipTuLy, 
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FIrTay, Take in your Compaffes. half the 


Length of the Parallel of Altitude SL, or $M, | 


and with that Dittance upon Q, defcribe the inner- 
moft Semicircle. | 

_ Sixtury, Through the Point B, which is where 
“the Parallel of Declination, and the Parallel of 


Altitude do interfe&, ere&t the Perpendicular RC,, 


_ till it touch the innermoft Sémicircle at. C. 
_ Lastry, Lay a Ruler from Qto C, and it will 


cut the outermoft Circle in E, fo thall H E mea-— 


fured upon the Line of Chords, be 109 deg. 47 
— min. the Sun’s Azimuth from-the North Part of 


- the Meridian. 


E Z fhall ‘be 19 deg. 47- min. the Azimuth 
from Eaft or Weft. And, | 
EO hall be yo deg. 13 min. the Azimuth from. 
the South Part of the Meridian. . 


Having made this: fair Preparatiue, I will here in- 
fert the two fore-mentioned neceljary Tables-of the 
i Sun’s Declination, azd Latitudes of Places ; and 

then proceed to the Art, of Dialling, the bing 
chiefly intended, 
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A Table of the Suns Declination, 


©) Januar.| Febru. sree Se May {| June 
< |d. Ra. d d. m.id. m. 
Tot 44113. 46 3 24 8 36,18 eg 2s) 12 
13, 20s 20 8 5818 2923 16 
23113 51-2 37, 9 2018 3523. 19 
13/{2 45/2 13. 9 #28 $023 22 
pa Wy Maer od gee Or” ge Se Se Ree Se ey 
502 A I 2510 24119 1823 26 
Sir 43, £ 119 45ltg 3123 28 
261t 21] 0 3811 o}19 4423 29 
131nt ° Ho) os 1411 2719 $723 30 
@10 to 38, OAV 4720 1023 30 
1119 4610 16. 1aiZ3 313 4/20 2223 30 
421 9 54 OX 5712 2820 3423 30 
181 9 32) 172112 4820 4523 291 
gh oO TOPE 4g4rg 9j20 5623 2B 
159 48) 8. 48) 2 Bing 130 27/21 723° 27 
2) 8° 25} 2 31lt3 461 1723 25 
PB 3y2 S4irge ° 5)2t  2723 «23 
217 4013 18114 24Jzr 3723 20 
17 457 37/3 4ilt4 42/21 4623 37 
7286 sal 4 sits tr 5523 ta 
21|07 x 6 3114-2815 1922 4/23 10 
22)16 . §41 6. @laA” Slits 37\22 12123 6) 
2316 36/5 45) 5 1405 5422 20/23 
24)16 18) § 21) 5 37HO yoi22 27/22 55, 
2516 ol 4’ 58 6 O16 29,22 34/22 50. 
pois 42 4 3416 22116 4622 22 4t\22 7 
‘(27,05 2374 ri) 6 45)17 2/22 47,22 37] 
2815 4) 32. A7| Geis rien Begke oot 
29,14 45 7-307 3422 §822 23 
Z0\14 26 7 BUt7 50/23. 5 Ban as 
2114 6 8 14 23 § | 


FF 


1j22 


Ili2z0 
12:20 
123.20 


i419. 


16-19 
{L719 
1818 
1918 
2018 


2118- 


2249 
2317 


2417. 


pet -¢?? 


126116 5¢ 
27116 
2816 
29f6 


Lee 


July tise fo 
i: i. Ye “eo id. 
gf a4 241 7 15|17 
O14 54.4 92/7 35117 
sig 46 3 33) & , ors 
At 4. 19 3 15| 8 2218 
32113. 58) 2 52) 1 4518 
22113 309) 2 2919 9178 
12113 20' 2 «45 9 29119 
PSs hl Ae 4219 FO 
silr2 4rj, rE 19|tO 13419 
A012" 21) O77 55,10 35119 
2OITe oT RZD 5510 
16dir 41/02 8141 180 
4ltr 21) O° 16|11 39}20 
SHIT Oo 4012 4 .0)20 
38j10 39) Ft | 21]20 
25110 I Ali21 
‘121 9 1 2101 
58] 9 2 2212 1 
43) 9 2 4221 
29 29| 8 3 alot 
14) 8 kag 4s ailre 
59) 8 1 3 4122 
44) 7 7: 0122 
25i 4. R922 
12] 7 31 4 37122 
56, 6 Alls. . 20 Cijz2 
391 6 181 5 43416 19]22 
22) 30. 501.6 | 472.2 
6} 5 33].6 54/22 
43] 5 10} 6 52/17 F1/23 
30! 4 47 7 28 
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A Table of the Sun’s Declination. 


Oétob. Nove.|Decem. 


mld. m. 
4023-9 
56.23. 13 
5227-19 
2923 20 


43,23 23 
58.23 25 
1323 27 
2723 29 
41)22 29. 
5372 39 
eee 30 
$4129. -. 2 
S492, 274 
46\23 27 
58/23 25 
9123. 22 
2014351 .4.9 
31/23 16 
41\25 F2 
 FOAZ 7 
o23) 9 2 
ha aT 
722°) 5F 
2522 44 
3322 37 
4022 “2G 
AG2 24 
s242, 16 
822 5 
42% 56 
ak 5s 
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4 TABLE of the Names aud La-. 
titudes of the Cities, Towns, avd 
Iflands zu and about Great Britain aud | 
‘Ireland. . 


| England. ph ML England. : D. M. 


Edford. 52 8. London cr: wea 

Berwick 55 ~ 50 Northampton 52. 14, 
Briftol ~ st 27 Norwich §2 ATs 
Buckingham 52 ~o Nottingham © 53- 0} 
Cambridge - §2 12 Oxford ° 51° 46s" 
Cantetbury gt “Ty 'Reading. 4) | ° 518 284. 
Carlifle 55... 0 | Salisbury rer St tant 
Chichefter.. +< ‘so 484Shrewsbury ) 52° 147° 


Chefter 2 54 53 16} Stafford: 520 152: 
Colchefter st. 581 Stamford «© 952° °38> 
Derby* :)} 15 52 @81Truero + L505 t300! 
Dorchetter , 50 4 | Warwick g28 1204s 
Durham, =» +54 . 501 Winchefter-. 51 2. taht 
Excefters 2: 159 /434:Worcefter ; S25 Dee 
Gloucefter 2.) §t 2534cYork!-.. - $3.01 Fo" 
Guilford, .. og : 92 x | 

Hertford’- -. 58 49-1: iene SF - 
Hereford » ae tt Velen a A 


Huntington . 52 19.1 A Nglefey, 53, 29) 
dplwich ° icga 348 AN 52. 52° 


Bendal o> = \.§4. 1233 breckhock § | 52. | Lf 

“Wancaffer: 1454 0, Cardigah * jo 52. 021. 
Leiceftet 52 49 Carmarthen: | “§1°>_ 56) — 
Lincoln: - 53 ~ 14 -Garnarvan. 5 Sw te 
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diAeilials 
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As A-TABLE, Gs.» 29 
~ Wales. D. M.1 = Scotland. DM. 
-Denbigh 53 13|St. Andrews 56 39 
Flint 53. 17 | Skyraflin 58. 36 
Landaff 51 35 | Sticling. 56 12 
Monmouth 5h, 52 3 
Montgomery 51 56 3 
Pembroke sr 46| Ireland. D.--M. 
Radnor 52 19 Ntrim 54 40° 
St. Davids. 52 #0 Arglas 54 10 
7 Armagh 54 14 
: Caterlagh ee) 
‘Wand. D.. M.| Clare 52. 34 
C5 Uemiey 49. 30} Corke 51 50 
, Jerfey 49 y2|Droghedagh 59 300 
Lundy 5t 22} Dublin As 20 
as fan 54 24|Dundalke $3) 62 
Portland 50 30| Galloway 53 9 2 
Wight. 50. 391 Kenny 52.29 
Kildare oe end 
| King’s Town 53 8 
Scotland. DD. M.| Knockfergus..54 . §7 
Berdeen’ 57. 32| Kingfale. 5r 31 
' Dunblain 56 21 Lymerick oe eae © 
Dunkel ~ 56°48} Queen’s Town 52 52 
Edinburgh 55  §7| Waterford Se aa 
Glafgow 55 53 | Wexford 52 13 
- Kinfale 57 44! Youghall st 53. 
Orkney, 59. 56. \* 
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The AR T of 
DIALLING 
Geometrically pexform’d, 


By ProjeCting the Circlesof the Sphere 
; upon the Plaza it felf. 


The Fink? Phat. | 


CHAP. £ 


Of rhe feveral Sorts of Plains upon which DIALS: 
are ufually made. 


9 pee)! A LS may be made upon any plain 
1 ACA Gi] Superficies, and all plain Superficies 
are pofited in one or other of thefe 
three Pofitions, wiz. either Parallel, 
Perpendicular, or Oblique to the Hori- 
40N of the Place wherein the Plain is feated, and 
all the Hour-lines drawn upon any Plain, are 
great 


Ea 


The Art of Dialling. ees 
great Citcles.of the Sphere, which. being pro- 
jected upon a plain Superficies, become ftraight 
Lines: * : 

Now the Art of Dialling confifteth chiefly in 
the finding out of thefe Lines, and their true Di- 
{tances each from the other, which docontinually 
vary, according as the Plains upon which they 
are defcribed or projefted, are fituatedin refpect 
of the Horizon of the Place. 


Or thefe Plains there are but three Vari- 
eties. viz, | 
1. Parallel to the Horizon; -as--isthe. “Horizontal 
(which I call Vertical) Plain only. 
) North & South 


2. Perpendicular Swhich€ Dite®. 


to the Horizoz,@- be As 
and fuch are all € either Se Faft and Weft 
erect Plains. Or Declining. 


N oth 
South\ Reclining 


3. Reclining Spee Eaft ( Inclining 


from the | Weft 
Zenith, or\and thee) 
inclining fare either < Le Or 
to the ffo~ : S Reclining 
riZ0N. es 3 Deetinng > - 

| . C Incliuing 


Now inthe making of particular Dials, which 


are in Number 25, J reduce them to 17, by fup-_ 
plying the Lcliziag Pla:ms from their oppofite Ke- - 


| tlimers, as being indeed the fame. , 

Anp to avoid Miftakes, which may poffibly 
arife by comparing my Examples with other 
Authors, or others with mine. You are to take 

c Notice, 


im. 


; That 


fore take Notice 


aa 


inate all my Plas from’ thee 
Writers: cal 


The Art of Dialling: 


Notice, that I denom 
~Thofe Plains. which moft 


_ 


vens, and not from the Circles of the Sphere 


Sight (or the Pofitions) of their Axis in the Hea-- 
which they lie: There 


32 
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7 z 
S 
. 7 - hy 3 ; * 4 7 “ : 
-Horizontal Vier cel vi _- {Vertex or Zenith Point. 
Vertical x ai "North? Points of the 
: | South ~| Becaufe South torizon. 
eS | their } 
Meridian ‘I call\ Fatt dit a Poles -¢Eaft 2 Points of ‘the 
CS EWrelte HEME do lic |\Weft Horizon. 
2 as In the | | 
Equinodtial Polar Poles of the World. 
Polar. a Equinogtial | | Equinostial Circle: 


The Art of Dialling.  —-33 


Again, all leaning ‘Plains, whether Dire@ or 
Declining, whofe upper Faces behold the Ze- 
“with, I call Reclimers ; and the nether, or under 
Faces of them, which refpect, or look down to 
the Nadir, Icall [ucliners. 


This DiftinGtion being made, the Plains 


of all which Examples following, are 
thus denominated. 


vi. Ve ritegl or Horizoutal. 
2, South and North Direc. 
3. Eaft and Weft. Direkt. 


| Eaft 
4. South and North, ee Or, 
Reining, 
5. Eoft and Weft Diree.2 Or, 
Inchning. 


6. Equinottial, Or, South Reclining or Incli- 
" ning to the Pole. 
yt South Dire& Recli-§ lets t than the 
8 ning or Inclining @more§ Pore. 
-g. Polar, Or North Reclining or Inclining to 
the Equinottial. 
North Dire& Recli- Glefs than the £- 
11.§ ning or Inclining Q more § gusnoctial. 
12. Equinodtial, Or South Declining rae Or 
| Weft Reclining to the Pole. 


(43. )Sourh declining ape alee 
or Weft se igeg go the Pole. 
14. >. or Inclining. ¢ und teest 

15. Polar or North declining Ea/ft or We/f, Re- 


Clining or Inclining to the Equator. 


16. Q Nor dgchting Fef above*)the Interfe- 

or Weft Reclinin ats 

: eff IK 8 Meridian & 
a or Inclining. under J Equator. 

Thus 
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Tus are the’ feveral Plains denominated, I 
fhall now thew ‘how the Situation of any Plain: 
may be attained, either in refpect of its Declina-- 
tion or Reewhador: 


CHAP. IL 


How to find the Reclination azd Declination of* 
any Plain. 


I. For the Reclination. . 


‘THE Rechwation of a Plain, is the Arch of? 
the Vertical Circle or Azimuth, which is: 
perpendicular to the Reclining Plain, or that Azi-- 
muth, in which the Pole of the Reclining Plain: 
lieth, “comprehended between the Zenith of the: 
Place, and the Reclining Plain. 
To find which, let ABCD be a Reclining: 
Plaz, ‘draw firft thereon by the Help 
Plate. 2. of a Ruler and Quadrant, a Line G' 
Fig. 1, H parallel to the Hfor7zex of the Place, 
which fhall be the Horizontal Line: 
of the Plain, and crofs at it right Angles with : 
another right Line K S, for the Vertical Line of’ 
‘the Plain; to this Vertical Line KS, apply a 
ftraight Ruler K I, and to that End of it which 
lieth clear .of the Plain as I, apply a Quadrant | 
as O LI; having a Thread or Plummet hang~ 
ing from the Centre at I, then fee what Number 
of Degrees of the Quadrant are contained be- 
tween O and L, for fo much doth the Plain re- 
cline from the Zenith. 


Il. For 


ee — 
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Vl. For the Declination. — 


Cue Declination of a Plaiz, is an Arch of the 
Horizon comprehended between the Pole of the 
Plain, and the Meridian of the Place. Or it is 
the Diftance of the Pla: ivfelf, from the prime 
Vertical Circle, or Azimuth of Baft and /¥eff. 

To find out the Declination of any Plaiz, there 
are required two Obfervations to be made by the 
Sun at the fame Inftlant of Time. The firft of 
the Horizontal Diftance of the Sun from the 
Pole of the Plaim. And fecondly, Of the Sun’s 
Altitude. | 

1. To find the Sun’s Horizontal Diftance from 
the Pole of the Pla. Apply one Edge of a 
Quadrant to the Horizontal Line of your Plain. 
fo that the other may be perpendicular to it, and 
the Limb of the Quadrant may be towards the 
Sun, and hold the whole Quadrant Horizontal 
(as near as you can conjecture.) Then holding 
up a Thread and Plummet at full Liberty, fo 
that the. Shadow, of the Thread may -pafs-both _ 
through the Center and Limb of the Quadrant, 
obferve then the Degrees cut by the Shadow of 
the Thread, and number them from that Side 
of the Quadrant that flandeth fquare or perpendi- 
cular to the Pla: For thofe Degrees are the 
Horizontal Diftance required. 

2. ‘luis Horizontal Diftance and the Sun’s 
Altitude being obferved at the fame Time, (as near 
as may be) will help you to the Plaiz’s Declina- 
tion by the Rules following. 

First, By having the Altitude, you-may find 
the Azimuth by the two laft Problems of the 
Introduction, then by comparing the Azimuth 
ee and 
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and this Diitance together, you may find the: 
Plain’s Declination in this Manner. ; 

WuHeEN you make your Obfervations of - the: 
Sun’s Horizoutal Diftance, mark whether the: 
Shadow of the Thread fall between the Sowz/, andi 
that Side of the Quadrant which is perpendicularr 
to the Plaiz, 

1. Ir the Shadow fall between them, the A= 
‘zimuth and Diftance added together, do make the: 
Declination of the Plaiz, and in this Cafe the De-- 
clination is upon the fame Coaft whereon the Sun’ss 
Azimuth is. ! | 

2. Ir the Shadow fall not between them, them 
the Difference between the Diftance and Azimurh) 
is the Plaiz’s Declination ; and if the Azmuth bes 
the greater of the two, then the Plaz declines to» 
the fame Coaft whereon the Sun is; but if thes 
Diftance be the greater, then the Plaim declines to) 
the contrary Coaft. 

Anp here note, that the Declizatioz thus found} 
-is always accounted from the Sowzh, and that alll 
Declinations are counted from either South or North,} 
towards either Ea/f or /¥e/?, and muft never ex= 
ceed 90 Degrees, 

1. Ig therefore the Degrees of Declination from 
the Soush do exceed 90, you muft take the Refi-- 
due of that Number to 180, and that fhall be thee 
Plain’s Declination from the North. sg 

- a. Ig the Degrees of Declination exceed 189,; 
then the Excefs above 180 Degrees gives the 
Plaiu’s Declination from the North towards thatt 
Coalt, whieh is contrary to the Coaft whereom 
the Sun is. 


~ 
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I. Of Vertical Dialling. 3 
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How to draw the Hour-Lines upow a Vertical (coms 
monly called Horizontal) Plain. 


Example, Of a Vertical or Horizontal Plaiz iz the 
Latitude of London, which is 51 deg. 32 min. 


FIRST, Draw a Circle ES WN, which 

Circle let reprefent your Vertical Plain ; ; crofs 
it in the Middle thereof at right Angles with the 
two Diameters,. viz. SQN, for the Meridian, 
and Hour-line of 12, and E Q W for the prime 
Vertical or Hour-line of’ C0 % 

Seconpiy, Becaufe the Latitude of thé Place 
is 51 deg. 32 min. take 51 deg. 32 min. out of. 
your Line of Chords, and fet that Diftance from ~ 
S to a, and from W to 4. 

Turepty, Lay a Ruler from E toa, and it will 
cut the Meridian Line S N, in the Point i, 
which Point P is the Pole of the World: Anda 
Ruler laid from E to 4, -will cut the Meridian 
in the Point AL, fo is JE the’ Poet there the 
Equinoéial croffeth the Meridian; and thus have 
mon, three Points. ‘viz... E.,, AS, and W, through 
which you muft draw the Equinodtial Circle 
E / W, whofe Center 
will always be in the Me- A Vertical or Ho- 
ridian S N. So that you~ rizowtal Dial for the 
may eafily find it, as hath Latitude of London, 
been before taught, and.in- 51. deg. 32, min. 
this Manneralfo. Draw the . Pluce 2, Fig. 2; 
Line EW, which divide in 

fe . eS 


two 
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two equal Parts in the Point A, upon which 
Point A, raife the Perpendicular A C, cutting; 
the Meridian S N, in the Point C, which is the 
Center of the Equinoétial Circle E 42 W, upom 
which Point, and the Diftance C AZ, you mayr 
defcribe it. 

Fourtuiy, Divide the Semicircle EN W,, 
into 12 equal Parts at the Points © @ ©, €re. be-- 
ginning at the Point N, and fetting 6 on either fide: 
thereof. The Semicircle may eafily be divided! 
into 12 Parts in this Manner; for 60 deg. off 
the Line of Chords will divide it into three e-- 


“qual Parts, and 30 deg. will divide each of them: 


into two, that is, into 6 equal Parts, and 15 deg. 
is the half thereof, which is a twelfth Part of the 
Semicircle. 

Firtury, Lay a Ruler to Q, the Center of the: 
Plain, and upon every of thefe Points © © ©,, 
and the Ruler will cut the Equino¢tial E A W,, 
in the Points * * * €y¢. dividing that into 12 un-» 


_ equal Parts. 


es 


| 
Srxtuty, A Ruler laid to P, the Pole of the! 
World, and the feveral Points * * *, éx¢. upon 
the Equinoéial, will cut the Circle reprefent-. 
ing the Platz in the Points 1,1], @¢. dividing - 
the Semicircle E N W, in r2 other unequal Parts. 
Lastry, From the Point Q, and through the 
feveral Points, [], és’c. draw ftraight Lines, as 
©17, Q18, Q19, és. they fhall all be the» 
true Hour-lines for fuch a Vertical qr Horizontal 
Plain. Namely, for twelve of them, that is, 
from 6 in the Morning till 6 at Night. 
But for the Hours before and after 6, that is, 
for 4and 5 in the Morning, and for 7 and 3 at 
Night, they are to be drawn by extending the. 


Hour-line of 7 and-8 in the Morning through the 


Center Q, and drawing them on the other fide of 


2 
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the Pla, fo fhall they be the Hours of 7 and 
Sat Night : —— Alfo the Hour-lines of 4 and 
5 in the Evening, being drawn through the Cen- 
ter Q, will become the Hour-lines of 4 and § in 
the Morning. 

For the Stile of this Dial, take 51 deg. 32 min. 
the Latitude of your Place, out of your Line of 
_ Chords, ‘and fet them fen N to e,, upon the 
Circle of the Plain, fo fhall a Line drawn: from 
Q through e, be the Axis or Stile of the Dial, 
_ which may be athin Plate of Brafs, cut exadly 
to the Quantity of the Angle eQN. 51 deg. 
32 min. and fet perpendicularly: upon the Line 
of 12, or the Meridian S QN, with the angular 
point at Q, and thus is your Dzal finithed. 

Ir into this, or any of the following Dza/s 
you have a Defire to infert the half Hours and 
Quarters, divide the Spaces between every one 
of the Roinss © @© into two equal Parts for the 
Half, and into 4 equal Parts for the Quarters 
or Hours, and proceed with putting on of them 
in all Refpects as you-did with the whole Honrs. 
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II. Of Upright or Lrett Plams, 
CHAP. Iv. 


HOSE Plas are faid to be Ere# or Up- 
| right, which ftand perpendicular to the Hori- 
gow of the Place, whote Vertex_or upper Part 
ttendeth to’ the Zewith, and their lower Part to 
_ the Nadir, and fuch are the Walls of Stceples, 
Cr 2 Churches, 
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Churches, Houfes, or the like, againft which (for: 
the moft part) Dza/s are made. . 

Or thefle Upright or Ere& Plains there are two) 
Sorts, viz. Direc and Declining. 

TuHose Erect or Upright Plazus are faid to be: 
direét,. which do dire&tly behold either the true: 
Eaft, Weft, North or South Points of the Ho- 
vizon, or whofe Poles do lie dire& in either of? 
them, and thefe Plaizs are, called Erect Dired! 
Plains. | 

TuHose Ereé& or Upright Plains are faid to de-. 
cline, which do not lie in, or dire@tly behold any: 
of thefe Points, but are fituate under fome other: 
Azimuth, as South-Eaft, North-Weft, North-Eaft, 
&c. and. thefe Plaiws are called Ered or Upright: 
Declining Plains. Of both which forts I fhall give: 
you Examples. And, | 
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1. Of Upright, or Ereét Direét Plains. 
Gig dea Scare 


How to draw the Hour-lines upon a Direét 
South Plain. 


Example, Of a Dire& South Plain, iz the La-- 
titude of London, 51 deg. 32 min, 


F IRS:T, Draw a Circle Z EWN, reprefent-. 
~ ing an upright direét South Plain, crofS ir at 
right Angles with the Diameter ZQ N for the 
Meridian, or Hour-line of 12, and W QE for 

the prime Vertical Circle, or Hour-lize of Six. 
SECONDLY, Out of your Line of Chords take 
38 deg. 28 min. (which is the Complement of 
"3 the 


eee 
ia 
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the Latitude of the Place) and fet that Diftance 
upon the Dzal-plaiz from Z to 2, and from Eto — 
6, and from N to e. . a | 
Turrpry, Lay a Ruler from W to 2, it will 
cut the Meridian ZN, inthe Point P, the Pole 
of the World ; anda Ruler alfo laid from W to 6, 
will cut the Meridian in /Z, fo is AE the Point 
through which the Equinoétial muft pafs; and 
for the drawing of it you have three Points given, 
wiz. E, AX, and W, and the Center will always 
be in the Meridian Line ZN, (extended, if need 
be.) _ ‘The Center you may find by the Geometri- 
cal Way taught at the Beginning of the Book. 
Or thus, draw the Line E AL, and divide it into 
two: equal Parts in A, upon A | 
erect the Perpendicular A C, Au Ered Dire 
extending it, till that and thé South Plain. Pi. 
Meridian Line concur in G, 2. Fiz. 3. 
fois G the Center of the E- pres 
guinociial Circle E EW. 
Fourtuty, Divide the Semicircle E N W in- 
to 12 equal Parts, at the Points © © ©, Esc. 
Firtury, Lay a Ruler to Q, and each of thefe 
Points © © ©, and the Ruler will crofs the 
Equinoctial Circle in the Points ***, &c. di- 
viding that into 12 unequal Parts. 
SIXTHLY, Lay a Rulerto P, (the Pole of the 
World) and every of the Marks ** *, és’. and 
-the Ruler’ will crofs the Circle of the Plaiz in 
“the Points ; 1,1, €sc. 
Lasrry, If through the Center Q, and the re- 
‘fpective Points , [1], és. you draw right Lines, 
they fhall be the true Hour-lines of an £red Di- 
rect South Plain. 
For the Stile, take 38 deg. 28 min. the 
Complement of the Latitude of your Place, out 
of the Line of Chords, and fet them from N to e, 
ta: | C 3 drawing 
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drawing the Line Qe for the Axis of the Stile, 


‘which muft hang directly over the Meridian, or 


Hour-line of-12, and muft point downwards to- 
wards the South Pole, becaufe the Plain beholds 
the South Part of the Meridian. 

In making this Dial you have made two Dials, 
for the Ered Direct North Dial is but the back- fide 
of the Souvch, it lying in the fame prime Vertical 


Circle, only as this beholdeth the South Part of’ 


the Meridian, and hath the South fale ele- 
vated above x the other beholdeth the North 
Part of the Meridian, and hath the North Po/e e- 
Jevated above it, and as the Meridian Line Z Q 
N in the South Dial reprefenteth the 12 a Clock 
Hour-line at Noon, the back-fide thereof (namely 
the North-fide) reprefenteth the Hour-line of 12 
at Midnight, and therefore is not exprefied, nei- 
ther the Hour lines of 9, 10, ra at Night, or 


of 1, 2, 3 in the-Morning, the Sun to us ne=-— 
ver being above the Horizon at thofe Hours : 


Wherefore the North Dial is only capable of re- 
ceiving thefe Hours, namely, 4, 5, 6, 7 and @ 
in the Morning, and of 4, 55 6, 7 and 8 at 


Night, and (in this Latitude) not of all them nei- | 
ther ; for it will never fhine upon this Plain at 
8 inthe Morning, or at 4 in 


An Ered Dire@ the Afternoon, but it is beft 
North Plain. Plate “to put them on (as in the 


4. fo.4. Figure) that thereby you may’ 


know how much it is paft 7 
in the Morning, and how mucnh it wants of 5 in 
the Afternoon. 


a“ 


CHAP. 


| 
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4 How to draw the Hour-lines upou an Ere&, Dire, 
Eaft, or Welt Plain. 


Call that an #a/f. or Weft Plain, which oe ii 

the Meridian of the Place, and whofe Poles 
Jie in the Prime Vertical Circle, or Azimuth of 
Eaft or Wett. 

Now for as much as the Plain lieth in the very 
Meridian Circle, in which alfo the two Poles of 
the World are feated, the Plain mutt neceffarily 
pafs through both thefe Poles, and fo neither of 
them can have any Elevation above it; wherefore 
the Hour-lines in thefe Dials mait be parallel 
to one another, and confequet itly parallel to the 
Axis of the World. And the Dial muft have 
no Center; However the Dial may be drawn as 
followeth. 


& 
Example. Of aw Eat Dire Dial, tz the Latitude 
ef London 51 deg. 32 win. 

Let ABCD be a Dial-plain, upon which 
you would draw a dire& Eat Dial, upon. the ~ 
Point D, if it be an, Eaft Dial; or opon the. 
Point C, if it be a Weft Dial ; 
with the Radius (or 6o deg.) Aa Eve De- 
of your Lige of Chords, de-. re Eafe Dial. 
‘feribe an obfeure Arch of a Cit- Plate 3. bs e 
cle E F, then from your Chord 
take 38 deg. 28 min. the Complement of the La- 
titude of the Place, (which is alfo the Height or 
Elevation of the Equinoatial) and fet them from 
E toF, and draw the Line D F quite through: 
the Plain. Then, that you may proportion your 

i G4, Stile 
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Stile to your Plain, fo that you may bring on alll 
the Hours from Sun-rifing to 11 a Clock, ‘affumee 
two Points in the Line F D, one towards thee 
End D (at the Point G) for the Hour-line of 11,, 
and another at H, for the Hour-line of 6, and 
through the Points G and H, draw the Liness 
11 Gir, and 6 H 6, perpendicular to the Equi-- 
noctial Line D F. This done, upon the Pointt 
G, with 60 deg. of the Line of Chords, defcribee 
an ob{cure Arch of a Circle I K, and fet thereom 
15 deg. of your Line of Chords from I to K, andi 
draw the Line G K, to cut the Line 6 H 6 in the 
Point L, fo fliall L) H be the Height of the per-- 
pendicular Stile proportioned to this Plain. | 

Now for the drawing of the Hour-lines, fett 
one Foot of the Compafles, (opened to 60 deg.. 
of the Chord) in L, and with the other defcribe: 
the Arch of a Circle MN, betwixt the Hour-- 
tine of 6, andthe Line G L, which divide into 5; 
egual Parts in the Point © © © © ©, andar 
Ruler laid from the Point L to each of thefe; 
Points, © © ©, fc. will cut the Equinoétial! 
Line H D, in the Points * * * * *, through which) 
Points draw Lines parallel to 6 H 6, as the Lines) 
7 * 7,8 * 8, ésc. and they fhall be the true Hour-- 
lines of an Haft Plain, from 6 in the Morning till 
11 before Noon, but for the Hours of 4 and 5 in 
the Morning, you may put them on by fetting the 
fame Diftances upon the Equinoétial Line before | 
6, as there is from 6to 7 and 8, after6; and 
through thofe Points draw the Hour4ine of 4 and 
5, parallel to the Hour of 6, as you fee done in 
the Figure. : 

Tnus is your Daal finithed, and in the making 
of it you have made two Dials, namely, a Weft Dial 
as well as an Ba/f, for it is the fame in all Re- 
: * fpects. 
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fpeéts. Only whereas the Arch A F through 
Which the Equinoétial paffeth in the Eaft Dial, 
was drawn on the Right-hand of the Plain, inthe 
Wett it muft be drawn on the 
Left-hand, andthe Hour-lines 4x Ered, Dired 
(Of 4, 5, 6, 7, 8, 9,10, and Weft Dial. Plate 
11, in the Forenoon onthe 3. Hg. 2. 
Fait Dial, muft be 8, 7, 6, 5, 
4 3, 2,, and 1in the Afternoon upon the Weft 
ial. : 
Tue Stile of the Eaft or Wet Dials may be ei- 
ther a ftraic Pin of the juft Length of the Line. 
HO, which is equal to H L inthe Eaft Dial,, 
fixed in the Point H, upon the Hour-line of 6s 
and exactly perpendicular to the Plain, fhewing. 
the Hours of the Shadow of the Apex, or very. 
Topthereof. = 

Or, it may be a Plate of Brafs of the fame 
Breadth with.the Diftance between the Hour-lines 
of 6 and 3,. which Plate mutt be {et -perpendi- 
cular upon the Hour-line of 6, and fo it will thew 
the Hour by the Shadow of the upper Edge there- 
of, as in this Weft Dial. 

Turse five Dials here deferibed, viz. the Ver-. 
tical, the South, North, Eaft, and Weft Erect, Di-' 
rect, may be made upon a Stone cut {quare in form: 
of a Die, which Body is called a Cube, 


SOR 
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EQ LEG ME SESE 
I. Of Upright Declining ‘Plaims. 
GHA P* Vif. 


How to draw the Hour-lines upon a South or North 
Ere& Plain, Declining either Eaft or Wett. 


HE upright or erect Plains, that we have 
* hitherto treated of, are fach as did directly 
behold the four Cardinal or principal Points of 
the Horizon, namely, the Ea/?, Weft, North and 
South Points. Al! other upright Plains are faid to 
decline, and their Declination is counted from 
the North or South, towards Eaft or Weft, and 
thefe Plains are called South or North Ereét Plains 
declining Eaft or Wett. 

Brrore the Hour-lines can be drawn upon any | 
of thefe Plains, two Things muft be given, and — 
three’ other Things muft be found. — 


The Things given muft be, 


gr. The Latitude of the Place. 
2. The Declination of the Plain. 


The Things required are, 


1. The Height of the Pole (or Stzle) above the 
Plain. 

2, The Diftance of the Sub/icle from the Me-. 
ridian, or 12 a Clock Hour-line. 

3. The Plain’s Difference of Longitude. 


“~~ For the finding of thefe, we muft project Upon: 
the Plaiz tuch Circles.of the Sphere (in their true 
a: Pofis. 


- 
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“Pofitions) as are requifite for the finding of them, | 
and thofe Circles aré, the Horizox, the Meridiaw, 
aud the Egazmoclial: Which I fhall fhew how to 

perform by giving an ; 


‘Example of a South Ere& Plain, declining Welt- 

_ ward 24 deg. 20 min. in the Latitude of London: 
§1 deg. 32 min. 

) a m. 

Gi Latitude of the Plate 51 32. 

aven') Declination South Weft 24 20 


Diftance of the Subftile from 
the Meridian, 13 & 

‘Required Height of the Pole (Cor. Stile) a- 
bove the Plain, on 3S 


. Plain’s Difference of Longit. 30. oo: 
To find which, | 


Firft, Defctibe the Circle ZHN_O, reprefen- 
ting the declining Plain, crofs it at right Angles,. 
with the two Diameters Z ON, aa” FE Oe, 

the Point Z reprefenting the Zenith, and N the. 
‘Nadir, and the Line Z.Q N, the vertical or per- 
pendicular Line of the Plain (and the Hour-line 
of 12) and the. Line HQ 0°. is the Horizontal 
Line thereof. . 

Secondly, Becaufe the Plain declines 24 deg. 20. 
‘min. from the South Weftward, fet 24 deg. 20. 
min. from N to a, and from O to ¢. Then lay 
a Ruler from Z to a, and it will cut the Horizon- 
‘tal Line HQ O in =, fo is S the South’ Point 
of the Horizon, through which the Meridian mutt 
be drawn, aid for the drawing of it you have. 
‘three Points, viz, ZS and N, and the Center. 

ia C 6, "wilh. 
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An Upright Plaiw will always be in thee 
‘Declining from the South WHorizontal Line H Q) 
‘Weftward 24d. 20m. O, extended if need be.. 
Plate 3. Fig. 3. Which Center may bee 
found Geometrically, as iss 
formerly taught. Then lay a Ruler from Z to «,, 
and it will cut the Horizon in W, the Weft Pointt 
thereof. 
_ Lhirdly, Having drawn the Meridian and thee 
Horizon, take 51 deg..32 min. out of your Line 
of Chords, and fet them upon your Plain, fram 
H to 4, and from N to d. 
| Fourthly, Lay a Ruler upon W, the Weft Pointt 
of the Horton, (which is alfo the Pole of the: 
Meridian) to 4, and it will cut the Meridian im 
the Point P, fo fhall P'be the Pole of the World,, 
through which Point P, and Q (the Pole of the: 
Plain) draw the ftrait Line BPQD, reprefenting: 
the Axis of the World, and the Subftitar Line off 
the Dial. 
fifthly, Lay a'Ruler from W to d, and it will! 
crofs. a Meridian.in the Point AZ, fois & one; 
Point in the Meridian, through which’ the Equi-- 
noétial muff pafs : And the Point W in the Hori-- 
zon is another. So have you two Points within, 
the Circle, by which to draw. the Equinodtial,, 
which you may, do Geometrically, as is before 
taught. Or you may find it thus, the Center .off 
the Equinoétial will always be i in the Axis of the: 
World, and therefore in the Line BPQD. Now: 
to find the Point, draw the Line AS W, which; 
divide into two equal Parts in the Point ~, upon #: 
ercét a Perpendicular, till it cut.the Axis of the: 
World, extended.in.m. So is. the Center cf? 
th: Equinoétial, upon which Point you may ces. 
fcribe, it. And thus have you drawn upon your: 
‘Plain all the three Circles required, wz. the: 
| | Horizon, 
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Horizon, Meridian, and the Equinodial ; by which 
may be found the three Requifites belonging to 
this Plain. For, 


1. To find the Height of the Pole above the: Plain, 
_ -reprefented in the Scheme by the Line P B. Lay 
a Ruler to G, where the Eguixodial cuts the 
Plain, and to P the Pole of the World,. the 
Ruler will cut the Plain on the oppofite Side i 
in the Point v. So the Diftance from B to V, 
meafured upon the Line of Chords, will be 
found to contain 34 deg. 33 min. the Height 
_ Of the Pole above the Plain. , 
. To find the Diftance of the Subjiile from the 
Meridian, reprefented in the Scheme by the Ar- 
ches Z.B,or ND. Take in your Compaties 
the Diftance ZB, or ND, and you hall find 
either of them equal to. 18 deg..8 min. and 
fuch is the Diftance of the Subftile from the 
Meridian. | 
. Lo find the Plain’s Difference of Lougitude, 
reprefented in the Scheme by the Angle FAP K. 
Lay a Ruler from.P to AZ, it will cut the 
Plain in ~, fo the Diftance between D and 
«, meafured upon the Line of Chords, will - 
be 30 deg. And fuchis the Plain’s Dige- 
‘ rence of Longitude. 
_ Laftly, Thefe Requifites being obtain’d, we 
come to the drawing of the Hours; to effed 
which, lay a Ruler to.P, the Pole of the World, 
and /E, the Interfection of the Eguinoétial with 
the Meridian, and it. will cut. the Plain jn the> 
Point ~,.— — At this Point x begin to divide the 
“Semicircle L« G, into 12 equal Parts, at the 
Points @©© ©, ése. Then laying a Ruler to Q, 
and every of thefe Points ©, ©, &e. it will 
Cut. the Fquinodtial . Circle, dividing that into 
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12 equal Parts in the Points * * * *, Cec. 
Again, A Ruler laid to P, and every of thefe un-- 
equal Parts * ** *, &¢. will divide ‘the Plain intoo 
12 unequal Parts in the Points ,,[ [1], €s. 
Lay a Ruler to Q, and every of thefe Points | | 1, 
€y¢. drawing Lines by the Side thereof and theyy 
fhall be the true Hour-lines proper to fuch a decli-- 
ning Plaiz. 
_ . THus have you finifhed the Hour-lines, the: 

Subftilar-line, (or the Line upon which the Stile: 
muft ftand) is the Line QD, falling (in thiss 
Dial) jak upon the Hour-line of 2 in the After-- 
noon, becaufe the Pla declined Weftward.. 
The Angle of the Szileis D QR, containing 34) 
deg. 33 min. and muft be either of Plate or Wire: 
brought to fuch an Angle, and muft ftand perpen-. 
dicular to the Pigiz, and directly over the Szb/fz-- 
lar QD. 

Now have you finifhed your Dial, and in fo, 
doing you have in this one made four Dials, viz. 


South declining Weft : 
South declining Eat € dom 
North declining Wett 24 20 


“North declining Eaft 2 


On ty placing of the Numbers of the Hours and’ 
the Stile refpedtively upon each Plaiz: For-in the: 
South-weft Plaim, which we have now deferibed, 
the St/e ftands upon the Mfour-line of 2 in the 
Afternoon; in the South-Eaft declining as much, 
it will itand upon the Hour-line of 10 before 
Noon, And fo all the Morning Hours of the 
Welt Decliner, will be the Afternoon Hours of ’ 
the Eaft Decliner; and the Afternoon Hours of 

_the Weft Decliner, will be the Morning Hours of 
the Eaft Decliner:. And fo the South Decliner 
wall, 


Geometrical Dialling. “ee 
will produce the North-weft. 
Decliner; and the South-weft The four upright 
Decliner, the North-eaft Des Declhuing ‘Dials. 
cliner, by only extending the Plate3. Fig. 4, 
Hour-lines, Stile, and Sub/tile 
quite through the Center. And that there may 
yet remain no Doubt, I have drawn all the four 
Dials in one, by which you may plainly fee that 
there is no Difference between them, but what 
hath been already intimated. Only before I leave 
them, I will, (becaufe thefe Dials are moft in ufe) 
give you one other Example of an upright declin- 
ing Plai, which by Reafon of its great Deciina- 
tion from the Prime Vertical, or its Poles great 
Deviation from the Meridian, caufeth the Pole to 
have but fimall Elevation, wherefore the Dial (as. 
all fuch like) muft be drawn without a Center, by 
the Directions following. 


hae naeded Dibednnannannad thet 


en The fe De NOL, 


How to draw the Hour-lines upon Upright far De- 
‘lining Plains, which by Reafon of the:fmall E- 
levation, which the Pole hath over fuch Plains, 
the Hours (if they be drawn from a Center) cannot 

be of any competent Diftance one from. another. 


THOSE Plaizs which lie near to the Meti- 

* dian Circle, and whofe Poles (confequently) 
nearthe Prime Vertical Circle, or Azimuth of Eaft 
er Welt; the Pole hath bur finall Elevation a- 
bove fuch Plaius, fo that the Honr-lines (efpeci- 
ally thofe of them which fall near to the Szb/t/e) 
from the Center, cannot be drawn at any com- 
ora petent 
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petent Diftance, without a large Extention of 
them. T’o remedy which Inconvenience, you 
may draw the Hour-lines for fuch a Platz att 
a convenient Diftance, and in a little Rooma, 
without any Regard had to the Center. But be:- 
fore you proceed to draw the Dial, you muft firftt 
find the three Requifites. mentioned in the laftt 
Chapter, w7z.. 


1. The. Height of the Pole. above the Plain. 
2. Ihe Diftance of. the Subfitle from the Meri 
dtan. 


3..Lhe Plain’s Difference of Longitude. 


Example ofan Upright South Plain, declining Eaff— 
ward 80, deg. in the Latitude. of London 51 deg.. 


32 mtn.. 
To find thefe Requifites. 


Firfi, Draw the Circle ZH N O3, 

Plate 3. croffing it with the Diameters Z N,}! 

fig. 5. the Perpendicular, and H O, the Ho-: 
rizontal Line of the Plaiz, 

Secondly, Becaufe the Plaiz declineth 80 deg... 
Faftward,. fet 80 deg. from N to a, and from H’ 
to. b. 

Thirdly, Lay a Ruler. to Z and a, it will cut. 
the Horizon in S, the South Point thereof, and a 
Ruler laid to Z and 4, will cut the Horizon in FS 
the Eaft Point thereof. = 

Fourthly, Waving the three Points ZS and N; 
through them draw the Meridian Z S N, whofe: 
Center (by any of the Ways before taught) will be: 
found to be.at mz. | 


Eifibly,.. 
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__ Fefthly, Out of your Line of Chords take 51 
deg. 32 min. the Latitude, and fet them from O 
toc, andfrom Ntod. Then laying a Ruler 
from E to c, it will cut the Meridian in P, the 
Pole of the World ; through which Point P and 
Q, the Center of the Plain, draw the right Line 
a ).B, for.the Axis of the World. ~Alfo the 
‘Ruler laid from E to d, will cut the Meridian in 
£6, fois AX one Point in the Meridian, through 
which the Equinoétial muft pafs, and R is another 
Point in the Meridian (extended) without the Cir- 
cle, and athird Point is E, the Eaft Point of the 
Horizon. Now forafmuch as thefe three Points 
RE /£, through which the Equinoétial is to be 
drawn, are almoft ina ftrait Line, fo that the 
Center of it will be at a very great Diftance, we 
will forbear defcribing of that Circle, and content 
ourfelves that we have found the Points RE A, 
through which it fhould pafs; becaufe we fhall 
draw the Hour-lines in this and the like Cafes by 
other Means, and therefore I fhall proceed to. find 
the other Requifites.. And, 


1. Lo find the Height of the Pole above the Plain, 
reprefented by P C——Take 90 deg. of your 
Line of Chords, and fet them from cto e, a 
Ruler laid to e and P, will cut the Plax in 
0, fois. o C the Height of the Pole (or Szzle) 
above the Plaiz, viz. 6deg. 12 min. 

. Lo find the Diftance of the Subjiile from the 
Meridian, reprefented by B Nor Z C.—Take 
the Diftance BN or Zc 
(which is equal thereto) in An Ered South 
your Compaffes, and mea- Plaim Declining 
fure it upon your Line of Eaftward 80 deg. 
Chords, fo you fhall find Plate 4. Fig. 1. 

it 


De) 
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it to contain 38 deg. 4 min. which is thee 
Diftance of the Szb/tile from the Meridian. — 

3. Lo find the Plain’s Difference of Longitude, re:- 
prefented by the Angle QO P &, - Lay a 
Ruler upon P and AL, ‘it will cut‘the Plas 
ing, the Diftance g B, meafured upon thee 
Line of Chords, will contain 82 deg. 8 mini. 
the Plaim’s Difference of Longitude. 


THESE three Requifites being thus found, Il 
Will now proceed to draw the Déal, without anyy 
Regard had to the Center. 


Flow to draw the Hour-lines zpon the Plain. 


Fir, Draw a right Line A B, for the perpendi-- 
cular Line of your Plaz, and upon A as a Cen-- 
ter, with 60 deg. or the Radius of your Chord,, 
defcribe an obfcure Arch of a Circle CDE, andi 
thereon from C to D, fet 38 deg. 4 min. the Suh- 
fiile’s Diftance from the Meridian before found,| 
and draw the Line A D fer the Szb/tle, quite thro” 
the Plain. 

Secondly, Take 6 deg. 12 min. the Height off 
the Pole above the Platz from your Chord, andi 
fet them upon the fame Arch fron D to E, andi 
draw the Line A E for the Szi/e. 

Thirdly, Forafmuch as the Stile AE in this Cafe: 
is but of fmall Elevation, wz. but 6 deg. 12 min.: 
Draw the Line G H parallel to A E, at fuch con-- 
venient Diftance as you fhall think fit, for your: 
new (or augmented) Szz/le to ftand from your Szb-: 
fiile A D. 

Fourthly, Affame any two Points in the Sub/tile: 
AD, as R and S, and through thefe two Points 
draw two infinite right Lines, both of them at right 

Aagles 
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lugles to the Subjtilar Lin€éA D, 2s the Lines ZZ 
nd XX. Tels 

Fifthly, From the Point R, take with your Com- 
afies the leaft Diftance to the new augmented Stz/e 
? H, and fet that Diftance upon the Swhfilar 
ine, from R to K: Alfo from the Point S, take 
1¢ leaft Diftance to the new Stile G H, and fet 
wat Diftance alfo upon the S#bfilar Line from S 
aL. ut 
Sixthly, Upon the two Points K and L (as upon 
wo Centers) with 60 deg. or the Radius of the 
jne of Chords, defcribe the Portions of Circles, 
din either of them fet off 82 deg. 8 min. the 
Yain’s Ditference of Longitude, as from Sto M, 
ad from R°to M, both on the fame Side of the 
abjiilar Live; on which the perpendicular Line of 
ve Plain A B was dtawn. 

Seventhly, Divide either of the Semicitctes laft 
fawn into 12 equal Parts, at the Points © © ©, 
ye. beginning this Diviion-in either of them, at 
re Point M. ak Piha 

Lighthly, Lay a Ruler to the Point L, and every 
f the Divifions © © @, &&c. and the Ruler will 
ut the Contingent or Egwinodtial Line X X, in 
le Points ** * tye. Alfoa Ruler laid to K, and 
ach of the Points © © @, sc. will cut the o- 
ier Contingent Z Z, in the Points ** * -€3’c, | 
Laftly, Lines drawn from the Point * in one 
ontingent Line, to the Point * in the other con- 
ngent Line, each to his Correfpondent (which 
\¢ Sub/flilar Line will dire& you how to do) thofe 
Anes fhall be the true Hour-lines belonging to fuch 
Declining Plaiz, and be drawn as in the Figure 
ou fee done, at a competent Diftance ‘one from 
10ther, without any Relation at all had to the 
enter of the Deal. 
Tuus 


—_—" 
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Tus have you finifhed your Dial, and in the 
making of this, you have madea South declini. 
ing Welt 80 deg. alfo ; for if you turn the Paperr 
and look through it, it will on the Backfide be «:; 
South declining Weft 80 deg. only the Forenoor 
Hours in this, muft be the Afternoon Hours im 
that: Nay, rather, you have in this one Dial made 
four, wz. a Northdeclining either Eaft or Weftt 
if you well obferve what was faid and done in the 
laft Chapter. 


AND thus have I done with all Upright or Ered 
Plains, either Direct or Declining. J thall 
how proceed to fhew you how to infcribe 
Hour-lines upon fuch Plaizs as are not upright 
but reclize from the Zewith, and of them 
there are fuch as are Direct, and fuch as dov 
decline. | 


WHE OOD Pe OE RE BR TTL LD EEN See ES EE 


\ 


Ill. Of Reclining Plains. 
ChokT GA GP So. LEXY 


AS in upright Plains there were two Varieties, 

viz. Erect? Dired, and Ered Declining ; fo are: 
there of Reclizing Plains alfo. For fuch Reclining 
Plains as do dire&tly behold either the true Eaft,, 
Weft, North, ot South Points ofthe Heavens,. that: 
is, whofe Poles lie either in the Meridian, or’ 
Prime Vertical Circle of the Place, are called Di=. 
rect Reclining Plains. 

Acain, Thofe Reclizing Plains which do not 
dire&tly lie in, or their Poles be not in the prime 
Vertical or Meridian Circles of the Place, but 

| deviate 
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deviate therefrom, are called Declining Reclining 
Plains. Of both which Sorts I thall give you an 
Account, and the manner of infcribing Hour-lines 
upon them, for in thefe Plains there is far more 


ariety, than ‘there was in Upright or Ere& 
Plains. ) 


Of Dire& Reclining Plains, &c. 
I. Of Eaft and Welt Recliners. 
Crh Ae FX, 


ow to draw the Hour-lines upon a Dired Eaft or 
Weft Kechning or Luclining Plain. 


AS in upright declining Dials, two Things 

muft be given, and thtee Things muft be 
ound, before the Hour-lines can be drawn; fo 
a thefe direé reclining Plains, two Things muft 


fo _be given, and three muft be .found,: before 
he Dial can be made. 7 


The Things that muft be given, are 


1. The Latitude of the Place. 

2. The Reclination of the Plain. 

Tue Reclination of a Plain, (as hath been be- 
ore declared) is the Arch of an Azimuth or Ver- . 
ical Circle, intercepted between the Zenith of 
he Place; and the Reclining Plain. 


Example 
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Example, Of au Eaft or Weft Plain, Reclining 3 
deg. ta the Latitude of London, 51 deg. 32 mim 


| d. tm. 
Pan. Latitude of the Place Ee ga 
Reclination of the Plain 355 .00 
The Height of the Pole above the 
| Plain. | 
Required g The Diftance of the Subftile from thee 
Meridian. ) 


The Plain’s Difference of Longitude. - 


Firff, Draw the Circle NES R, reprefentingg 
the Reclining Plain, and crofs it with the two Dii- 
ameters N QS, the Horizontal-line of the Plain, 
and the Hour-line of 12 a Clock, and E Q R fom 
the prime Vertical Circle. 

Secondly, Becaufe the Plain reclines 35 deg. taket 
35 deg. out of your Line of Chords, and fett 
them from E to a, and from N to 6. 

Thirdly, Lay a Rulér from S to a, and it willl 
cut the prime Vertical Circle in Z, fo is Z thee 
Zenith of the Place——- Alfoa Ruler laid fromm 
S to 4, will cut the fame Vertical Circle in Wy, 
by which Point the Horizon of the Place muft bee 
drawn. . | 

Fourthly, The Points Z and W being found], 

you have three Points through 

Eaftand Weft which you mutt defcribe thee 
Tuclining. Plate Meridian, viz. N Zand S ; andi 
4a) Frei 2 as inany alfo through which you 

muft draw the Horizov, namelyy, 
N W and S. The Centers of both which Circless 
will fall in the Line EQ R, (extended if need be 
andi 


‘ 


1 
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and the Manner how to find them, hath been of- 
ten enough already taught. | 

fifthly, Becaufe the Latitude of the Place is 51 
deg. 32 min. Take 51 deg. 32 min. from your 
Line of Chords, and {et them upon your Plain from 
Stoc. Then lay a Ruler upon W, the Weft- 
point of the Horizoz, and the Point c, the Ruler 
will crofs-the Meridiaz Circle in P the Pole of. 
the World; through which Point P and Q, the 
Center, (or Pole of the Plain) draw the right 
zine P Q, which fhall be the Subftilar Line of 
ur Dial. | | 
_Sixthly, Take 90 deg. of your Line of Chords, 
nd fet them upon the Circle of your Plaiz from 
eto d, then lay a Ruler from W to d, and it will 
cut the Meridiaz Circle in f&, fo is one Point 
ja the Meridiaz, through which the /Equino ial 
Circle muft be drawn, and W the Weft Point of 
the Horizon is another; fo have you two Points 
aa the Circle, through which you muft de- 
cribe the Equizedtial Circle, whofe Center will 
€ in the Line P Q, the Axis of the World, (ex- 
ended if need be) the manner how to find it 
vath already been taught feveral Ways. 

HAVING thus projeéted the Meridian, Horizon, 
ind Equinodtial, you may find the three Requi- 
ites, as followeth. | 


1. To find the Height of the Pole above the Plain 
- Pk, Lay a Ruler to g and P, it will cut the 
Plaiz on the Oppofite fide in / ; fo &S mea- 
_ fured upon the Chords, will be 26 deg, 41 

* min. The LTeight of the Pole above the Plain. 
2, Lo find the Diftance of the Subftile from the 
Meridian § k, “Take § kin your. Compatles, 
and meafure it upon the Chord, it will be 
found 

2 
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found 45 deg. 52 min. Zhe Diftance of the’ 
Subftile from the Meridian. 

3. Zo find the Plain’s Difference of Longitude, 
JEP Q, A Ruler laid from P to AS, will! 
cut the Plain in e, the Diftance from O the: 
Subftile, to e will contain 66 deg. 27 min.. 
of the Chord, which is Ze Plain’s Difference: 
of Longitude. | 


THESE Requifites being obtained, you may pro-- 
ceed to find the Hour Diftances upon the Plain. 
—in this Manner. 

Seventhly, Lay a Ruler to P the Pole, and /E, 
the InterfeGtion of the Meridian with the Equi-- 
noétial, and it will cut the Plain in e. Atebe-- 
gin to divide the Semicircle into 12 equal Parts, , 
at the Points © © ©, éxc. 

Eighthly, Lay a Ruler to Q, and the feveral| 
Points © © ©, ésxc. and it will cut the Egus-- 
noctial Circle in the Points ***, €s'c. dividing; 
that into 12 unequal Parts. | | 

Ninthly, Lay a Ruler to P, and the feveral. 
Points * * *, ¢oc. and it will cut the Plain in the. 
Points | ,[ J, se. i 

Laftly, If from the Center Q,- you draw right’ 
Lines through the Points | | ], ésxc. they fhall be: 
the true Hour-lines belonging to the Kechwing’ 
Plain. 

Anpb thus have you finifhed your Dial, and al-- 
fo init 4 Dials: For the Deal as it here ftands in. 
the Scheme, is properly an Eaft and Weft Izcliner, 
but being turned upfide down, as you fee the: 
Hours numbred, and the Word Zewizh ftanding; 
upwards, itis an Eaft Recliver; and if the Hour-- 

lines be turned, (or fuppofed to ftand) on the right: 
‘Hand of the prime Vertical Line EQR, as in 
this Scheme they do on the Jeft Hand, and the? 

Hours: 
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fours of 4, 5, 6, fc. in the Morning chan- 
ec to 8; 7, 6, in the Evening, the Plain is then 
Welt Recliner. And if the Hour-lines be drawn 
hrough the Center of either of them, the Plains 
hen become Eaft and Weft Iucliners ; the Hours 
nd Subftile in all retaining the fame Place, only 
he Denominations of the Hours changed,) €5’c. 
ou muft remember, that in all Eaft and ‘Weft 
Reclizers, the North Pole is ‘elevated, and in all 
Incliners (oppofite to them) the South Pole. 


SR au an oe sear oan see oe 
Il. Of Saath Recliners. a sche 


CORUALPS (Ret 


How to draw the Hour-lines upon Dire South Re- 
ching or Inclining Plains. 
[N the Eaft and Weft Reclining and Inclining 

Plains, before defcribed, the Meridian, or 12 
a Clock Hour-line did lie in the Horizontal-line 
of the Plain, and the Poles thereof in the prime 
Vertical Circle. So (on the contrary) in thefe 
South and North Reclining and Inclining Plains, 
their Horizontal Live lieth in the prime Vertical 
Circle, or Hour of 6, and their Poles in the Me- 
ridian, aud from hence they receive their Deno- 
mination. 

Or thefe Dire&t Reclining Plains there are fix 
Varieties, v#z. Three of South Recliners, and as 
many of North Recliners. For, 

1. THe South Plain may recline, fo as it may 
juft fall in the Axis of the World, and fo pafs 
through the Poles of the World, and then it is 
iH D called 


tes 
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talled an Eguiwoctial Plain, becaufe the Pole 
thereof lie in the Eguinofteal Circle, and neithee 
of the Poles have any Elevation above it; wheree 
fore the Hour-lines mutt be al! parallel one to th 
other, and all of them to the Axis of the World 
and the Dial muft be drawn as the Ereé Dire 
Eaft or Weft Dials were. Only, whereas the Still 
ftood upon the Hout-line of 6 in the Eaft ane 
Wet, in thefe Plains it muft ftand upon the Houss- 
line of a2, and be of equal Height with the Dii- 
{tance between the Hours of 12 and 9, or 12 anad 
3, which are equidiftant from the Meridian. 

2. OR Secondly, The South Plain may fo ree 
cline, that ic may fall between the Zenith and thee 
North Pole, and then is the South Pole elevatecd 
above fuch.a Plain. » Or,’ . 

3. The South Plain may fo recline, that it mayy 
fall between the Horizon and the N orth Pole, ancd 

then is the North Pole elevated. 


wage of thefe three Varieties of South Reclis 
ming Plains ‘do here follow. 
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The Birft Variety. 
OOH AP. oar 


How to draw the Hour-lines upon an Eguinogial 
Plain, or a Plain reclining juft to the Pole. 


FiRST, Draw the right Line AB, for the 
Horizontal Line of the Plain, and crofs it a- 
bout the Middle thereof at right Angles, with the 
Line 12 Q 12 for the Meridian and Hour-line 
of 12. | ( O03 p/h 
Secondly, Upon the Line 12 Q 12, either a- 
bove or below Q, affume any Point, as S, and 
fetting one Foot of your Compaffes therein, (it 
being opened to the Radius of your Line of 
Chords) defctibe the Semicircle C D E, which di- 
vide into 12 equal Parts, beginning at D, 
Thirdly, “ay a Ruler to S, and the feveral 
Points © © ©, ésc. and it will crofs the E- 
quinoctial Line A B, in the Points ***, Eee, 
Laftly, Through thefe Points * * *, &s’c¢. draw 
tight Lines all parallel to the 
Line 12 Q 12, and fo is your A Dired E- 
Dial finithed. ninoctial Daal. 
Tue Stile may be either a Plate’3. Fig. 6. 
{trait Pin, of the Length of the 
Line QS, fet perpendicular to the Plaiz upon 
the Point Q; the Shadow of the Top -thereof 
only giving the Hour. Or it may be a Plate of 
the Breadth of the Diftance that is between the 
Hour-lines of 12 and 3, or12and9, and then 
will the Shadow of. the upper Edge thereof give 
the Hour of the Day. Ls 
| D 2 ; The 
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- Lhe Second Variety. 
CHAP. XU. — 


How to draw the Hour-lines upon a Direct Southh 


Reclining Plain, which falls between the Leuithh 
and the Pole. 


Let the Example be of a South Plain Reclining 255 
deg. in the Latitude of Lowdon, 51 deg. 322 
min. : | 


: Figs? Draw the Circle W DE R, crofs itt 

= with the two Diameters DR, for the Me-- 
ridian and Hour-line of 12, and WE, for the 
Horizontal Line of the P/aiwz, and Hour-line 
of Six. 

Secondly, Take 25 deg. the Plain’s Reclination,, 
out of your Line of Chords, and fet that Di-- 
ftance from D to a, and from E to 2. 

Thirdly, A Ruler laid from W to 4, will gives 
Z the. Zenith of the Place; and a Ruler laidi 
from W to 4, will give S the South point off 
the Horizon; both which Circles W Z E, the: 

prime Vertical and W R E the Horizon,, 
Plate 4. may be drawn, as hath often enough) 
Fig.*3. already been fhewn, their Centers be-- 

ing always in the Meridian Line D) 
QR, extended, if need require. 
Fourthly, Becaufe the Pole of the World is al-; 
ways diftant from the Zenith, the Complement™ 


ef the Latitude of the Place, viz. here at Low- 
, doit, 
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So 38 deg. 28 min. Take therefore 38 deg. 
28 min. out of your Line of Chords, and fet 
them upon your Plain from a) (the Point White 
found the Zenith) to C. 

Fifthly, Lay a Ruler from W to C, and it w iI 
cut the “Meridian DQR, (being thus extended) 
n P, fois P the North Pole of the World, and 
secaufe it falleth without the Paz, it is evident 
yy the Scheme, that this reclining Plazw paffeth 
hrough the Meridian, between the Zenith and 
he Pole. And again, becaufe the North Pole 
P talleth without the Plaiz, it alfo demonftrates, 
hat the South Pole muft be elevated above this 
Plain. Wherefore, 

Sixthly, To find the Point of the South Pole 
pon the Meridian Line DQR, dothus. Be- 
aufe the two Poles are 180 deg. diftant from 
ach other; wz. two Quadrants, or twice 90 
leg. Take therefore 90 deg. out of your Line 
f Chords, and fet them twice upon your Plaiz 
rom C, vz. firft from C toe, and then frome 
2 2, fo fhall the 180 deg. end in #: Anda Ru- 
er being laid from W éto x, fhall crofs the Me- 
dian in A, the South Pole; fo is the South 
‘ole A elevated ‘above the Reclining Plain, the 
Juantity of AR, which is equal to the Arch R 
, which meafured upon the Line of Chords, 
ill be found 13 deg. 28 min. 

Seventhly, Lay a Ruler from W toe, and it 
ill cut the Meridian in AE, fo is AE that point 
| the Meridian, through which the Equinodial 
uft pafs. As alfo through the Points E and W, 
e Enft and Welt Points of the Horizon. 

Eighthly, For the Hour-lines, they are to be — 
rawn in all Refpeéts as the Hour lines were up- 

a the upright South Piain, without any Altera. 
On, only there the Stile was elevated: accord- - 


i 3 ing 
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ing to the Complement of the Latitude 38 deg. 
28 min. here it muft be elevated only 13 deg. 
28 min. as in the Scheme. The manner how: 
the Hour-lines are to be put on, I fhall only re-: 
peat; but! fhall forbear drawing them, leaving 
that to. your own Praétice, in regard there is no 
Alteration at all from the Ere&t Direc& South 
Plain. Wherefore divide the Semicircle of your 
Plain W R E into 12 equal Parts, (beginning at 
R, and fo 6 equal Parts on either Side of the — 
Meridian D QR.) Then lay a Ruler to Q, and — 
every of thofe 12. Divifions, it will divide the 
EquinoGtial into 12 unequal Parts. A Ruler 
laid from P to every of thofe unequal Parts 
in’ the Equinoétial, will divide the Plain into 12s 
orher unequal Parts, through which laft 12 une-. 
qual Parts; and the Center Q, if you draw right 
Lines, they fhall be the true Hour-lines proper, 
tor the Plaz. 


Anp here by the Way note, For that the Egui-, 
nocisal Circle in this Scheme is a very ob-. 
lique Arch, the {Center of it will be: very 
remote, and the Hour-fpaces upon it (as 
allio upon the Plaiz) will be very clofe . 
together in thefe {mall Draughts, which is 
occafioned by the finall Elevation that the — 
South Pole hath above this Plain, wz. but 
13 deg. 28 min. which you might find with- 
Out drawing of the Scheme, by fubtraéting 
25 deg. the Plaiz’s Declination, reprefented 
in, the Scheme by the Line (or Circle) D 2, 
from, Z P, the Complement of the Lati- 

| tude of the Place.. And therefore, ' forefee- 

- ing that the Pole hath but f{imall Elevation a- at" 
bove the Plain, and alfo what Pole, whether 

, North or South that is elevated: The better _ 


Way j 


a 


Geometrical Dialling: . 67. 
| Way will be to augment the Stile, and to 


draw the Dza/ according to-thefe following 
DireGions. : 


How to draw the Hour-liaes upon the Plain. . . 


In the Scheme following, draw, Firft, The 
right Line W Q E, for the Horizontal, and per- 
pewdicular thereunto, the Line S Q.R, for the 
Meridian and Hour-line of 12, which extend a- 
bove the Horizontal Line to S. 7 

Secondly, Upon S as a Center, with 60 deg. 
of your Chord, defcribe a fmall Arch of a Cir- 
Che, sand Supon we fee 2 ¢-deg reek ee 
28 min. the Height of the South Reclining 
Pole above the Plaiafrom A... 25-deg. Plate 4. 
to B, and draw the Line S B* Fig. 4. 
for the Stile. te a 

Thirdly, At any convenient Diftance anfwera- 
ble to the Largenefs of your Plain, draw a Line 
parallel to W E, as the Line CDF. 

“Fourthly, Set one Foot of your Compaffes ‘in 
D, and with the other take the neareft Diftance to 
the Stile S B, which Diftance fet upon the Meri- 
dian from D to H. ; of 

‘Fifthly, Upon the Point H, (your Compaffes 
opened to 60 deg. of your Line of Chords) de- 
f{eribe the Semicircle K QL, which divide into 
12 equal Parts in the Points © © ©, éyc. 

Sixthly, Lay a Ruler unto H, and upon every 
of the Points © © ©, fs. and it fhall cut the 
EquinoGial Line CDF, in the Points * * *, f5’c. 
through which the Hour-lines mutt pafs : Where- 
fore, if from the Center S, and through the feve-. 
ral Points. * **, yc. inthe Line CDF, you 
draw ftrait: Lines, bounding them between any 

| D 4 | two: 
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two Lines as W E, and MN, they fhall be the: 
true Hour-lines. Or, - 

Seventhly, 1f you draw another Tangent Line,, 
and defcribe another Semicircle, and divide it, and! 
the other Line, ‘as you did the former, fo fhall| 
the Lines drawn through the refpeétive Points: 
***) oc. in either of the Equinodtial (or Tan-- 
gent Lines) be the true Hour-lines belonging to) 
the Plain, without any Regard had to the Center 
at alJ, as you before did in Upright far De- 
cliners. . 


THMSO TONS AASSeISaGES. 


The Third Variety. 
CU ACP, «no XIV; 


How to draw the Hour-lines upon a Dire& South 
Reclining Plain, which paffeth between the Pole 
and the Horizon. | 


Let the Example be of a South Plain, Reclining’ | 
55 deg. in the Latitude of Lowdow, 51 deg.’ 


“32 min. 


Y nies ST, Draw the Circle WNER, for your — 


Reclining-plain, crofs it with two Diame- 
ters NQR, the Meridian, and W Q E, the Ho- 
rizontal-line of the Plazz. 

Secondly, Take 55 deg. the Plain’s Reclination 
out of your Line of Chords, and fet that Diftance 
from N to a, and from E to 4. 


Thirdly, Lay a Ruler from W to 


- Plate 4. a, it will cut the Meridian in Z, fo 


fig. 5. is Z the Zenith of the Place, thro? — 
which, — 


el 
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which, and the Points W and E, draw the prime 
~Vertical.Circle W Z E. 
Fourthly, Lay a Ruler from W to B, and it 
will cut the Meridian in S, the South Point of - 
the Horizon, through which and the Points W and ~ 
E, the Horizon of the Place WS E mutt be drawn. 
_ Egfehly, The Pole being diftant from the Zenith 
of the Place 38 deg. 28 min. equal to the Com- ~ 
plement of the Latitude, fet 38. deg. 28 min. 
from ato C, anda Ruler laid from W to G, fhall 
cut the Meridian in P, the Pole of the World, . 
and 90 deg. of your Line of Chords being: fet 
from C to 2, anda Ruler laid from W* to #, fhall 
cut the Meridian in AE through which and the ~ 
Points W and E muft the Equinoétial Circle be 
defcribed: - The Center whereof, as alfo of the © 
Horizon.and prime Vertical Circles are all in the © 
Meridian N Q’'R, extended where need requires; - 
and how thefe Centers are to be found, is thewed 
already. 
Sixthly, For the drawing of the: Hour-lines, , 
they muit “be drawn as in the Erect Dire&t South © 
Plain, or as was diredted in the laft Plain, and fo 
J thall fay no. more of them in this place, only=— 
take Notice, that the North Pole is elevated above — 
this Plain, the Quantity ef the Arch N C, which 
is 16 deg. 32. min. . 


% 


TueEse are the three Varieties of South Direct - 
Reclining Plains, and in the making of thefe - 
you have alfo made the oppofite Incliners as 
much ; for each Plain hathtwo Faces, the 
one open to the Zewizh, and the other tothe 5 
Nadir of : the Place. . 


D. 5 Ill: Of 
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_ AW. Of North Dire Recliners. 
ey CHAP. Xv. 


How to draws the Hour-lines upon a Dire&t North 
Reclining Plazz. 


S in South Reclining Plains there were three 
Varieties, fo alfo are there as many in the — 
North Recliners. For, 

1. THe North Plain may fo recline, that it 
may pats through the Meridian, juft at the Inter- 
feGtion of the Meridian with the Equinodtial, the 
Piam it felf lying in the Equinoétial Circle, and 
the Poles thereof in the Poles of the World, and 
fo it is called, A Polar-plain. Or. 

2. THE Plaim may to recline, that it may cut 
the Meridian between the Zenith and the Equinoc- 
tial. Or, 

3. It may recline fo far, as to cut the Meridian 
between the Equino@ial and the Horizon. 


wat 
— 


Examples of thefe three Varieties of North Re- 
clining Plains follow. 
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The Firft Variety. 


Cat Aah, PANE 


How: to draw the Hour-lines upon a Dire& Polar-- 
plain, which >rechineth juft to the Equinodial. 


Example of a North-plain, Reclining 51 deg. 32: 
‘min. equal to the Latimude of the place, a7. 
London. . 


frik STZ, Defcribe the Circle E EZ WR, for: 

your Hdiins crofs it with the Diameters /E Q 
R, for the Meridian, and W Ad: E for the prime: 
Vertical Circle. 

Secondly, Set 51:deg. 32 min. the Reclination: 
of the Plaiv, (which in this Example is alfo equal \ 
to the Latitude of the Place) from /EZ to, and 
alfo from W to 3. 

Thirdly, A Ruler laid from E toa, will cut the 
North part of the Meridian in Z the Lenith of 
the place, and being laid from E to 4, it will cut. 
the Meridian in N, fo is N the North point of 
the Horizon. 

_ Fourthly, Through the Points W, Z and E, (by 
former Dire@tion) draw the prime Vertical Circle, 
or: Azimuth of Eaft or Weft, W.Z E. . And alto. 
through W, N and E; draw the. Horizontal Cir-- 
cle WNE., | 

Fifthly, Becaufe the: Pole of the World is al- 
Ways removed from the Zenith of the Place, fe- 
much as is the Complement of the Latitude (in 
this Pee 38 deg. 28min.) Set 38'deg. 28 
D 6 min. 
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~ min. from a, (the Point in the Plain, which found! 
‘the Zenith Point Z,) Northward of the Zenith,, 
and the Compafs-point will fall in W, the Weft-- 
point of the Horizon; fo thatif a Ruler were laid! 
from W to E, -it would cut the Meridian in Q,, 
for the Pole of the World, which is already the: 
Center of the Plain, fo that the Pole of the: 
World, and the Pole of the Plain, fall both in 

» One Point, and the Pole Q is elevated above the 

= Plain 90 deg. viz. the Quan- 

A Direc Polar tity of the Meridian Line © 
North Dial. Plate Q, or rather the Arch A W, 
5+, figs 4. which is the Meafure thereof. 
Sixthly, Yo draw the Hour-lines upon this Plain, 

it is eafieft of all others, for if you divide the 
Semicircle E.R W, into 12 equal Parts in the 
Points © © ©, és. and through thofe Points 
draw {trait Lines from the Center Q , they ‘hall 
be the true Hour-lines belonging to this Polar-plain. 

AND this Plain, by Reafon of its North Recli- | 
nation, is, ia Summer, capable of receiving all , 
the Hours from Sun-rifing to Sun-fetting, and 
therefore the Hour-lines of 4 and 5 in the Morn- 
ing, and of 7 and 8 at Night, muft be drawn 
through the Center, as you did in the Vertical or - 
“Horizontal Dial, and as you fee here done in this 
Figure. | 

THE Stile of this Dial muft be a ftrait Pin or — 
Wire, fet perpendicular upon the Plain, from the | 
Center Q, and of any Length. And this for the 
firft Variety of North Recliners. 

Tue South Inclining Plain oppofite to this, is 
dire&tly the fame, only the Forenoon Hours in~ 
this muft be the Afternoon Hours in that, and the 
‘Hours of q and 5 inthe Morning, and of 7 and — 

8 in the Evening, muft be omitted. 


f The F 
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~The Second Variety. 
C He A\P. 2X VIk 


How to draw the Hour-lines upon a North Recli 
ing Plain, which interfects the Meridian between 
the Zenith azd the Equinodial. , 


Let the Example be of a North Plain, Reclining 
25 deg. 


Fi RST, Draw the Circle ES WR, reprefent- 

ing your North Reclining Plain, and crofs it 
‘With the two Diameters S QR, the Meridian of 
the Place, and E QW, the Horizontal Line of 
the Place. 

Secondly, Set the Reclination of the Plain 25 dege 
from S to a, and from W to 4. 

Thirdly, Lay a Ruler from Eto a, it will cut 
the Meridian in Zthe Zenith. Anda Ruler laid 
from E to 4, will cut the Meridian in N the 
North Point of the Horizon: So have you three 
Points EZ and W, whereby to draw the prime 
Vertical Circle EZ W, and three Points alfo, 
viz. E N and W, whereby to draw the Horizon 
EN W. 

Fourthly, Becaufe the Equinostial is always 90 
deg. diftant from either of the Poles, fet 90 deg. 
upon your Plaiz, from ctod. Then laying a 
Ruler to E and d, it will cut the Meridian in A, 
fo is JE the Point of the Interfetion of the Equi- 
no¢ctial, with the North part of the Meridian; 
wherefore through the Points E AZ W, defcribe 

| | the 
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the Equinoétial Circle; the Center whereof, as al- 
Plate fo of the Horizon, and prime Vertical 
' Circle, will fall in the Meridian SQR, 

extended where need requires. 

_ Eifthly, The Horizon, Eguinodiial, and Pole be- 
‘ing thus feated in their true Pofitions upon the 
Pla, the Thing required in this Dial, is, Zhe 
fleight of the Pole above the Plain, which may be 
found in this Manner. —— Lay a Ruler from E 
to P, and it will cut the Plain in c, the Diftance 
Sc, meafured upon your Line of Chords, will. — 
contain 63 deg. 28 min. which is the Height of: 
the Pole above the Reclining Plain. ‘ 

_ Laftly, For the drawing of the Hours, that is 
done the fame Way as in the Ere@ Dire& South 
Plain, only here the Szile muft be elevated above 
the Meridian Line 63 deg. 28 min. whereas there 

it was only 38 deg. 28 min. the Complement of 
the Latitude. The North Pele is elevated above 
this Plaiz, and the Hours that the Plaiz is Capable . 
to receive, are 4, 5, 6, 7, 8 and 9 inthe Moru- 


® 


ing, and 3, 4, 5,6, 7 and 8 at Night. 


ey. 


Tse Height of the Pole (or Stile) above this... 
Plaw may be found by adding the Comple-- - 
ment of the Latitude 38 deg. 28 min, and 
25 deg. the Reclination together, the Sum. 
whereof is 63 deg. 28 min. the Height of.) 
the Stile, as before, | a 
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The Third Variety. 
CoH A Poo ANAL 


How to draw the Hour-lines upon a Dire North 
Reclining Plain, which interfects the Meridian bea 
tween the Equinocdtial and the Horizon. 


Let the Example be of a Direét North Plain, : 


Reclining 70 deg. in the Latitude of Londoz, 
gi deg. 32 min. © Plate 5. Fig: 3. 


Fi RST, Draw the Circle ES WR, repre- 
= fenting your North Reclining Plax, and crofs 
it with the two Diameters S Q R, for the Meri- 
dian of the Place, and with EQ W the Horizon- 
tal Line of the Plax. | . 


Secondly, Set the Reclination of the Plaiz yo : 


deg. from S to a, and from W to 4. 

Thirdly, Lay a Ruler to E and a, it will cut 
the Meridian in Z the Zenith, through which, and 
the Points E and W, draw the prime Vertical Cir- 
cle E ZW.—— Alfo, lay a Ruler from E to 4, 
it will cut the Meridian in N, the InterfeGion of 
the Meridian with the North Part of the Horizon: 
now through the Points EN and W, defcribe 
the Horizon of the Place E N W. 

Fourthly, Forafinuch as the Pole is diftant from 
the Zenith of the Place 38 deg. 28 min. (equal to 
the Complement of the Latitude) fet 38 deg. 28 
min. from 4, the Point which gave the Zenith Z 
toc, and lay a Ruler frome toc, fo thall it crofs 
the Meridian in P, the Pole of the World. 


# 


Fifthly, 


= 
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Fifthly, Becaufe the Equinoétial is in all Places; 
fituate 90 deg. from either Pole. Take 90 deg.. 
in your Compaffes, and fet them off from c, (the: 
Point which gave the Pole P) both ways, to e a-- 


bove, and to g below. Soa Rulerdaid from E. 
to g, will cut the Meridian (it being extended) in_ 
ff, without the Plain, which fhews that the: 
North Part of the Egu:moctial Circle lies below 


this Plazw. Vherefore lay a Ruler from E toe, 
and it will crofs the Meridian in AE above: So is 


f& the Point where the Meridian, and the South- — 


point of the Eguzzodial will interfeét, and thro’ 


-that Point and the Points E and W, muit the E- 


guinoctial E a W, be drawn. 53) 
Stxthly, The Horizon, Pole, and Egu:nodiial, 


being thus projeéted, the Thing required in this” 
Plain, is, The Height of the Pole above it, viz..P- 


-R, which may be found in this manner. —— Lay 
a-Ruler from E to P, and it will cut the Plain in 


c, the Diftance from R to ¢ meafured upon the | 


Chord, will be 71 deg. 32 min. which is the — 


. Height of the Pole above this Reclining Plain.— 
Or the Height of the Pole above the Plain may be 


found, by adding the Plain’s Reclination 70 deg. — 
to 38 deg. 28 min. the Complement of the Lati- _ 
tude, the Sum whereof 108 deg. 28 min. which © 


taken from 180 deg. the Remainder will be 71 deg. 
32 min. as before. 


Lafily, For the drawing of the Hour-lines, they | 
are done in all Refpeéts as thofe before in South — 


Ereé& Plains, only in this make the Elevation of 


the Stile 71 deg. 32 min. as you find it by your 


Projection. 


Your Hour-lines being drawn, ereé&t the Sule — 
‘7t deg. 32. min. above the Meridian or Subftile, 7 
letting ic point up to the North Pole, becaufe ~ 


that Pole above this Plain is fo much elevated ; 


and | 


= 
4 


* 
a eS ee 
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and being this Plain is but 20 deg. raifed above 
the Horizon, wz. the Complement of his Rechza- 
xion, the Plain is capable to receive all the Hours 
from 4 in the Morning to 8 at Night, 

and therefore the Hours of 4and 5 in Plates. 
the Morning, and 7 and 8inthe E- Fg. 3. 
vening, muft be drawn through the 

Center, as was done in the Vertical or Horizontal 
Dial. 


Anp thus have you had Examples of all the 
Varieties both of Eaft, Weft, North, and 
South Reclining Plains ; and no other can pof- 
fibly fall out in any Place whatfoever. The 
Inclining Plains are the fame with the Rec/:- 
ners Oppofite to them; and muft be drawn in 
the fame manner as hath been (in fome Mea- 
fare) heretofore hinted, and fhall be more at 
large difcourfed of hereafter, when I have 
done with Declining Reclining Plains, of 
which I come now to treat. 


QBS ESTE ETE 


IV.. Of Declining Reclining Plais. 
CHAP. XIX. 


A° there were fix Varieties of Direét North and 

South Reclining Plains, fo alfo are there of 
South and North Declining Reclining Plains, wz. 
Three Varieties of South Reclimers Declining, and 
as many of North Recliners Declining. For in 


South Recliners Declining, 
1. THE 
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1. Tue Declining may be fuch, that the South: 
Reclining Plain may cut or fall upon the Meridian,, 
juft upon the Pole-point; and fuch Rechning De-- 
clining Plains, are called Equinoctial Decliners : Ory, 

2. Tne Declination may be fuch, that the Re-- 
clining Plain {hall interfe& the Meridian between: 
the Zenith of the Place, and the Pole of the: 
World: Or, | 

3. Tue Declination may be fuch, that the Re-- 
clining Plaia fhall crofs the Meridian between the: 
Pole and the Horizon. a 


Thefe are-the three Varieties of South Recliners De--- 
clining.. Jz North Recliners Declining zhere: 
are three other Varieties. For, 


_ 1. Tue Declination may be fach, that the North 
Reclining Plain may crofs ‘the. Meridian-in the 
Point where the Eguinoétial interfe&ts the. Meri> 
dian. . And then fuch Plains are.called Polar De- | 
clining Plains, becaufe the Poles of. them lie in the 
Axis of the World, and the Sub/tile in fach Plains 
will be always perpendicular to the Meridian of - 
the Place. | + 

2. Tue Declination may be fuch, that the Re- » 
Clining Plain may interfeé the Meridian, between 
the Zezith and the Egquinoctial: Or, 

3. Pur Declination may be fo much,. that the | 
Reclining Plain may fall upon the Meridian, be- » 
tween the Eguvinodctzal and the Horizon. j 


Laamples of all thefe Varieties follow. a 
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seb eh chon ceca ce chenctaes 


I. Of South Recliners. 
The Firft Variety. 
C H APSE. AX. cg 


Yow to draw the Hour-lines upon a South Reclining 
Declining Plain, whith cutteth the Meridian tw 
the Pole Point. ! (ita %: | 


| N Declining Reclining Dials, before the Hour- 

lines can be drawn, Three Things muft be gi- 
en, and four Things found : The Things given 
) ae seas | ‘tile . 


2. The Declination of the Plain. 


1. The Latitude of the Place. 
Given 
3. The Plain’s Reclination. 


The Things required, are, 


1. The Diftance of the Meridian and 
Horizon. a oe 
2. The Height of the Pole above the 
Plain. ; 
3. The Diftance of the Subftile and 

Meridian. 
4. The Plain’s Difference of Longi- 
tude. 


equired 


i Bek, pith 
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Let the Example be of a South Plain Declining Eaft,, 
30 deg. and Reclining 34 deg. 32 min. inthe La-- 
citude of London, 51 deg. 32 min. 


Firfi, Draw the Circle H A OR, and crofs itt 
with the two Diameters H Q O, the: 
Plate 5. Horizontal Line of the Plaw, and A. 
Fig. 4. QR, the perpendicular Line of the: 
Plain, croffing each other at right An-- 
gles in Q, the Center of the Plaiz. | 
Secondly, Becaufe the Plain reclined 34 deg. 32. 
min. Take 34. deg. 32 min. from your Line of > 
Chords, and fet them upon your Pla from A to — 
a, from H to4, andfrom Rtoc. 1] 
Thirdly, Lay a Ruler from O to a, and it will 
cut the perpendicular Line of the Platz in Z the 
Zenith of the Place. Alfoa Ruler laid from O 
to 4, will cut the Plans Perpendicular in K, the 
Interfetion of the Horizon of the Place, with | 
the Plaw’s Perpendicular. Anda Ruler laid from , 
O to ¢, will cut the perpendicular of the Plaiz | 
AR, (it being extended) in N the Nadir-point. — 
Having found thefe Points upon the perpendicular 
Line of the Plax, f 
Fourthly, Through the Points HK O, draw the ~ 
Horizon of the Place. And, | 


| 
j 


Fifthly, Becaufe the Plaiz declines 30 deg. Eaft- , 
ward, take 30 deg. out of your Chord, and fet i. 
them from R to 4, and from O toe; and laying _ 
a Ruler from Z the Zenith to e, it will crofs the 


Horizon in E, the Eaft point thereof, and the © 


¢ 


Ruler laid from Z to d, will crofs the Horizon © 
in S the South point thereof; fo have you found © 
three Points, wz. ZN and S, through which you ~ 
may draw the Meridian, whofe Center you sa 5 
, find, 


I 
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find, as hath been before taught: Or in this 
Manner, | 


Divipe the Space between Z and N in two e- 
qual Parts inC, and through C draw the Line 
C D parallel to QO, extending it as you 
fhall have Occafion. Alfo from Q, through 
E, draw another Right Line Q E, extending 
it, as Occafion fhall offer ; the Point of thofe 
two Lines’ Interfeétion is the Center of the 
Meridian. Which being drawn, : 


Sixthly, Lay a Ruler from E the Eaft point of 
he Horizon to Z the Zenith, and it will cut the 
Jain in b. And becaufe the Pole of the World 
3 diftant from the Zenith 38 deg. 28 min. equal 
9 the Complement of the Latitude, fet 38 deg. 
$ min. from 4 upon the Plaiz, and it will fall 
aft upon P, which is the Point of the Plain’s In-. 
erfeStion with the Meridian, which demonftrates 
1¢ Pole to have no Elevation above the Plaiz, 
nd fo the Plaiz to be Eguinodtial Declining. 

Seventhly, Draw the Line P Q L-for the Axis 
f the World, and becaufe the Equino@tial Circle 
in all Parts diftant from either Pole 90 deg. fet 
o deg. from Por L, to /; and through Q, 
raw the Line EZ Qe, for the Equinoétial Circle, 
Thich is here a {trait Line, and being extended, 
ould pafs through the Center of the Meridian, 
id alfo through the Eaft and Weft Points of the 
[orizon, as it ought to do. 

Tue Scheme being thus projected, the four Re- 
lifites from it are eafily obtained. For, 


1. To find the Diftance of the Meridian, and the 
Horizon OP. The Arch O P meafured upon 
, your 
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your Line of Chords, will contain 71 deg.. 
53 min. the Diftance required. * | 

2. The Height of the Pole above the Plaiw (the: 
point P) 00 deg. oo min. therefore it is an E-- 
quinoétial Declining Platz. ) 

3. The Diftance of the Subftile and the Meridian, , 
the Point P alfo. Therefore that, as alfo all! 
the Hours mutt be parallel to the Subftile. 

4. To find the Rlain’s Difference of Lougitude, , 
QPB. Lay a Ruler from P to B, and it: 
will cut the Plaiz in m, the Diftance L M_ 
meafured upon your Chord, is the Plazn’s 
Difference of Longitude 24 deg. 19 min. : 

TuEse Requifites being thus found, I will 

how fhew, 


How the Hour-lines are to be drawn upon the Plain. 


Firft, Draw a Line as B A C for the Horizon-» 
tal Line of your P/am, and upon any convenient: 
Point therein, as upon A, with 60 deg. or the} 
Radius of your Line of Chords, defcribe the Se-: 
micircle B D C. 

Secondly, From your Line of Chords take 71 
deg. 53 min. the Diftance of the Meridian and © 
Horizon, and fet them from Bto D, and draw” 
the Line A D for the Subftile. . 

Thirdly, Take 24 deg. 19 min. the Plain’s Dif+~ 
ference of Longitude, and that Diftance from D | 
to E, and draw the Line A E. 4 

Fourthly, Divide the Semi-- 
A South Plain de- citcle BC D into 12 equal 
clining Eaft 30 d. Parts at the Points © © ©; 
reclining 34 d. 32 5c. beginning the Divifion at 
m. Pil. 5 Fig. 5. — the Point E. x 
| Fifthly, Through the Point _ 
O, (or any other Point taken at all Adventures : | 
the 
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the Subftilar Line) draw a Line MON at right 
Angles, (or perpendicular) to the Subftilar, res 
prefenting the Equino@ial. 
__ Sixthly, Lay a Ruler from A, and every of the 
Points © © ©, és’c. in the Semicircle, and it will 
crofs the Equinoétial in. the Points * * *, gc. 
_ Gaftly, If through thefe Points ** *, fc. you 
draw right Lines parallel to the Subftilar, they 
fhall be the true “Hour-lines belonging to your 
Plain, the Hour-line of 12 being that where you 
began to divide your Semicircle, that is, at the 
Mark (or *) which was made from the Point E. 
For the Stile of this Dial, it may be either a 
firait Pin or Wire, of the juft Length of the Line 
A. Q, erected perpendicularly upon fome Point of 
the Subftile (as at A or O) the very Top of the Sha- 
dow thereof, giving the Hour among the Hour- 
lines upon the Dial. ! 
Or elfe the Stile may be.a Plate of Brafs or I- 
ron of the Breadth of A O, fet perpendicular to 
the Pla, upon the Subftilar Line A O D, the 
Shadow of whofe upper Edge fall give the true 
Hour of the Day. | 


@ 


The 
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The Second Variety. 


CoH. Ad Peal, 


How to draw the Hour-lines upon a South Reclining 
Plain, Declining Ea(t or Weft, which paffeth bee 
zween the Zenith and the Pole. 


TN this, as in all other Decliners Reclinings, 
three Things muft be known, and four muill 
be found before the Drawing of the Hour-lines. 


Let the Example be a South Reclining Plain, De:- 
clining Ea/t 30 deg. and Reclining 20 deg. #2 thee 
Latitude of 51 deg. 32 min. London. 1! 


\ 


1. Latitude of the Place 5X 322 
Ginend Declination South Eaft 30 oc 
3. Reclining South. 20 Ocg 
1. The Diftance of thes Meridian andd 
Horizon. : 
2. The Height of the Pole above the 
Recaired Plain. | 
equireds The Diftance of the Subftile and the: 
Meridian. 
4. The Plain’s Difference of Lon 
gitude. 


Firft, -Defcribe the Circle HA OR, reprefen+ 

ting your Reclining Declining Plain, and crofs it att 

right Angles, with the two Diameters A R, fon 
oe t 
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e Perpendicular, and HO, for the Horizontal 
ine of the Plain. : 
Secondly, Take 20 deg. the Plain’s Plate 5. 
eclination, out of your Chord, and Fig. 6. 
etthem from Ato a, from O to 4, 


Thirdly, A Ruler laid from -H to.a, will give 
ou Zthe Zenith, and laid from Hto 4, will give 
you K the Interfection of the Horizon with the 

erpendicular Line of the Plain. And the Ruler 
raid from Hto ¢, will give you N the Nadir, then 
through the points H, K and O, draw the Hori- 
zon H K O. : 
Fourthly, Take 30 deg. the plain’s Declination 
out of your Line of Chords, and fet them from 
R to 4 weftward, (becaufe the Plain declines Eaft- 
ward) and alfo from O to e, fo a Ruler being laid 
from Z toe, fhall cut the Horizon in E, the Eaft 
point thereof, and laid’ from Z to d, fhall cut the 
Horizon in S$, the South point thereof. ‘Thus 
have you three Points Z, Sand N, through which 
to draw the Meridian Circle, which you may ex- 
tend without the plainto Pand N, occafion fome- 
times requiring it fhould be fo. | 

Fifthly, Forafmuch as the Pole of the World 
is always diftant from the Zenith equal to the 
Complement of the Latitude of the place, as here 

at Lozden, 38 deg. 28 min. Lay a Ruler from E 
to Z, and it will cut the Plain in 4, from whence 
fet 38 deg. 28 min. to k& Soa Ruler laid from 
Eto &, will cut the Meridian (extended) in the 
point P, the North pole of the World. Anda 
Ruler laid from P to Q, fhall crofs the Meridian 
in L, the South-pole, and the Line PQ UL, fhall 
be the Axis of the World. 

Sixthly, ‘Vake 90 deg. of your Chords, and fet 

them from & (the koe ies: found the pole at P) 

» tO 
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toa: Soa Ruler laid from E to, thall.cut the 
Meridian in B, through which point, and througt 
the point E, the Eguioctial Circle mutt be defcrii 
bed, whofe Center will bein the Axis P L extendi 
.ed, and the Manner how to findit, hath been feve: 
ral Times already difcovered. » a 
THe Horizon, Meridian and Equinodtial Circlle 
being thus defcribed upon your Plain, by their, Ina 
terfections and Diftances, the four Requifites. bes 
longing to this Declining Reclining Plata may bee 
obtained. As, i] 


‘1. To find the Diftance of the Meridiau and Hox 
zo2 HV. The Diftance H V upon thee 
Plain, meafured .upon the Line of Chordss 
will contain 78 dég.. 50, min. the Diftancee 
of the Meridian and Horizon. | bi 

2. Lo find the Height of the Pole or Stile, abovee 
‘the Planw Lc. Set 90 deg. from-c to 4, theni 
lay a Ruler from 4 to L,. and it will cut thee 
plain at w, the Diftance from ¢ to m, meas 
fured upon your Chords, will contain 13 deg. 
4v min. the Height of the Pole or Stile a= 
bove the Plain. = 2200 

3. To find the Diftance of the Subftile from thes 
Meridian Vc, meafare the Diftance Vc upont 
the Line of Chords, and it -will contain 7) 
deg. 30 min. the Diftance required. 

4. To find the Plain's Difference of Lougitude,, 
BLD. Lay a Roler from L to B, it-will! 
cut. the plain in 4, fo the Diftance 4 2 mea- 
fured upon the Line of Chords, will contain 
28 deg. 52 min. the plain’s Difference of’ 
Longitude. 


.Taus | 


| 
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Tuus are the four Requifites belonging to this 
Pain found, and in this Example, two Things 
re very obfervable. 


a. WuerEAS P the North-pole of the World, 
falls without the P/aiz, and the point L, re- 
prefenting the South Pole, falls within the 
Plain, it denotes that the South pole mutt be 

elevated. 

2. In refpeét that the Line or Arch Lc, which 
is the Height of the Stile or Pole above the 
Plain, is but of fmall Quantity, viz. 13 deg. 
40 min. it will from thence follow, that the” 
Equinoctial Center will be very remote, and 
that the Hour-lines near to the Subftile will 
be very clofe, fo that in {mall Dzals their 
Diftances one from another will be infenfible; 
and therefore you may fave the Labour of 
defcribing the Eguimodial Circle, and be fa- 
tisfied in finding of the point B, by which 
the Platm’s Ditterence of Longitude is found. 

For, in fuch Cafes as this, the Plaiz’s Dif- 
ference of Longitude, the Diftance of the 
Meridian from the Horizon, and of the Sub- 
{tile’s Diftance from the Meridian, and the 
Height of the Pole above the Plaz being 
gained, you may proceed to draw the Dial 
as followeth, not much differing from the 
drawing of the Upright far declining Dial, 
Chapter VIII. 


| How to draw the Hour-lines upon the Plain. 


Firft, Draw aright Line A BC for the Hori- 
soutal Line of. your Plaiz, and affume any con- 
‘cnient Place therein, — as B for a Center ; ; upon 

OE which 
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* which point, with 60 deg. of any large Line co 
Chords, (for tis weceffary, not ouly inthis, bum 
for divers other Occafions, to have feveral Lines o@ 
Scales of Chords upon your Rus 
South Declining ler, or elfe ufe a Seber, whicel 
Laft 30 deg. Rech- fupplies them all) defcribe thi 
wing 20 deg. Plate Arch of the Circle AD. Upp 
Bae W278. « Yo on this Arch, from A to DD 
fet 78 deg. 50 min. the Diff 
tance of the Meridian from the Horizon, and nott 
the point E, but you need not draw the Meridianr 
Line. 
_ Secondly, From D to E fet 7 deg. 30 min. thh 
Diftance of the Subftile from the Meridian, thi 
{ame way as you find it to lie in your Projeationn 
and draw the Line B E for the Subftile. Alfo upp 


- on the fame Arch, fet off 13 deg. 40 min. thi 


Height of the Stile from E to F, and draw thi 
Line BF for the Stile. Which being but of {mall 
Elevation, wz. 13 deg. 40 min. ought to be auge 
mented ; and therefore (at any convenient Diftance 
fuitable to the Bignefs of your Dial-plain) draw ‘ 
Line as G H, parallel to B F, for your augment? 
ed Stile.or Axis. } 

_ Thirdly, Through any two Points taken at Add 
venture in the Subftilar Line, as K and L, draw 
two right Lines perpendicular, or at right Angles 
to the Subftilar, as the Lines MK N, and OL 
P. Then from the Point K, take the leaft Di 
{tance to the augmented Stile G H, and fer thai 
Diftance upon the Subftilar K to Q. Alfo from 
the Point L, take the neareft Diftance to the auge 
mented Stile G H, and fet that Diftance upon the 
Subftilar from L to R. 

_ Fourthly Upon the Points Q and R, as upon 
two Centers, with 60 deg. of any of your Chordss 
_ defcribe two Qemicircles (or other Portions oj 


1 


ee Nt) Bap, a> 


eget ee 
A fa 4 
4 


* t 
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Circles) and in either of them fet 28 deg. 52 min. 
rom V to IT upon one of them, and from X to 
5 upon the other. . 

fifthly, Lay a Ruler from Q to Ty and it will 
cut the T’angent Line in ¥: Alfo laya Ruler from 
R to S, and it will cut the other Tangent Line in 
Z, and a right Line drawn through the Points Y 
ind Z, fhall be the Hour-line of 12. 

Sixthly, At the Points S and T, begin to divide 
he feveral Semicircles in 12 equal Parts or Hours, 
ay taking 15 deg. of your Chord, and fetting them 
from S and T both ways at the Points © © ©, 
yc. fo many Times as the Plaiz will receive 
Hour-lines. : 

Seventhly, Lay a Ruler from the Points Q and 
R, to every of the Points © © ©, és. in their 
refpective Semicircles, and it will crofs their feve- 
ral Tangent Lines in the Points ***, &¢. 

Lafily, Through the Points * * *, in both the 
fangent Lines, draw right-lines, each to his Cor- 
refpondent, which the Hour-line of 12 will dire. 
you how to do, and thofe fhall be the true Hour 
lines of your Plazz. 

For the Stile of this Dza/, it may be either of 
Wire or Plate, containing an Angle equal to the 
Height of the Pole above the Pla, but it mutt 
se augmented anfwerable to the augmented Stile, 
as you fee in the Figure, and mutt be fet in its pro- 
per Place upon the Subftilar Line, and alfo per- 


pendicular or {quare to the Plaiz, and fo is this 
Dial finifhed. 


a 
Le >) 
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The Third V. ariety, 
Gr Eb AMP 32 XDeTE. 


How to draw the Hour-lines upon a South Rechizings 
Plain, declining Laff or Weft, which interfeds. 
the Meridian between the Pole and the Horizon, — 


LE T the Example for this third and laft Va- 

riety of South Dechming Reclining Plains be 
of a South Plaiz declining Eaftward 30 deg. and 
reclining 55 deg. in the Latitude of 51 deg, 32 
min. wz. London. | 


~ 


e ‘* i ~ Pr soe ” 
Sel iT cet Pw cS ED 


“a. 


a. ; 
; 1. The Latitude of the Place. 51 32 
Given 


2. The Declination Eaftward 30. 00 ; 

3. The Reclination. -, 55, . CO 
1. The Diftance of the Meridian from q 

the Horizon. a 

2. The Height of the Pole or Stile a- ~ 

7 ae _ bove the Plain. — 
Required 3. The Subftile’s Diftance from the 7 
Meridian. q 

4. The Plain’s Difference of Longi- 7 
tude. 


Firft, Draw the Circle AH RO, for your re- © 
clining declining Plaiz, and crofs it with the two. — 
Diameters A R the Vertical, and H O the Hori- ~ 
zontal Line of the Plaiz. q 


Secondly, a 
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Secondly, Set 55 deg. the Plazz’s Reclination 
from Ato a, and from O to é. : 

Thirdly, Waayea: Ruler from Hto 4, (Pi. 2. ag. 5.) 
and it willi give you Zi the Zenith, and laid from 1. 
to 4, itwill vive you K, the Point of the Horizon’s 
Interfe&tion with the Plaim’s Vertical Line. So 
have you three Points H K and O, through which 
to defcribe the Horizon of the Place HK O. 

_ Fourthly, Set 30 deg. the Plam’s Declination 
from Rtoe Weltward, (becaufe the Plas declines 
Eaftward) and fromO tod. SoaRulerlaid from 
Zo c, fhall give you S, the Interlection of the 
Meridian with the South point of the Horizox. 
And the Ruler laid from Z to d, fhall give you E 
the Eaft point of the Horizon. | 
_ Fifehly, Having the Points.S and Z, through 
them you.may draw the Meridian Circle LS ZP, 
as hath been already feveral waystaught, the Cen- 
ter whereof will’ fall im the Line QE being ex- 
tended. | ok , 

Sixthly, Lay a Ruler from E to Z, . and it will 
cut the Plaiz in e, from which Pointe, fet 38 deg. 
28 min. to f, anda Ruler being laid from E to f, 
fhall give the point P, ‘upon the Meridian Circle 
for the Pole of the World. And a right Line 
drawn from P through Q, fhall be the Axis of the 
World, andthe Subftilar Line of the Dial 

Seventhly, Set 9o.deg. from f to 4, (becaufe the 
Equinodial Circle is in all places 90 deg. diftant 
from either Pole P or L.) So laying a Ruler 
from E to 4, it will give you the point B in the. 
Meridian, through which, and E, the Eaft point 
of the Horizon, the Eguinedial Circle mutt pafs, 
may be drawn as in former Examples, the Center 
thereof being in the Axis of the World, P L ex- 
tended. 

: E 4 THESE 
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THESE three principal Circles, wiz. the Hori- 
zon, Meridian and Equinoedtial, being defcribed, 
according to their true Situations upon the Plain, 
the fame forementioned Requifites may from thence 
be eafily deduced, as followeth. 


x. To find the Diftance of the Meridian from the 
Horizon O C. The Arch O C, meafured up~ 
on the Line of Chords, will contain 64 deg. 
4t min. -The Subftile’s Diftance from the Me- 
ridian. 

2. Lo find the Height of the Pole or Stile abcve 
the Plain P D. Set 90 deg. from D to. e, and 
Jay a Ruler from @ to P; it will cut the — 
Plaim in m, the Arch D-w meafured on the } 
Line of Chords, will contain 19 deg. 25m. — 
The Height of the Stile. | 

. Lo find the SubfPile’s Diftance from the Meri- 
diaz GD. This Arch meafured will contain _ 
6.deg. 2min. Zhe Diftance of the Subftile. 
from the Meridian. if 

4. The Plains Difference of Longitude BP Q. | 
A Ruler laid from P to B, will cut the Plaiz | 
ink. So the Diftance F & meafured, will be ’ 
17 deg 38 min. The Plain’s Difference of 
Longitude. at 


aa 


Us 


THESE Requifites being thus found, you may 
proceed to draw the Hour-lines in this as in other. _ 
Plains. Firft, By laying a Ruler upon P the Pole. © 
of the World, to B, in the Interfe@tion of the 
Meridian and Equinoial, which will cut the 
Plain in &, at which point, begin to divide the Se-. _ 
micircle into 12 equal Parts. And from Q, to. 
each of them, lay a Ruler croffing the Eguinoc- 
tial Circle, and dividing that into 12 unequal parts, — 
to which unequal Parts of the Equinoétial, a Ru- f 

ler4 
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Jer laid, it will divide the P/am into 12 other un- 
equa] parts, through which, and the Center Q, 
right Lines being drawn, . they fhall be the true 
Hour-lines proper for the Plain. 
Bur in this Example, the Elevation. of. the 
Pole or Stile above the Plain, being but fmall, 
wiz, 19 deg. 25.min. you may, if you pleafe, 
draw the Hour-lines by one Tangent-line, and 
the Center, as was fhewed in the fecond Variety 
of Dire& South Reclining Plains; and ashere 
followeth.. 


flow to draw the Hour-lines upon the Plain« 


firft, Upon your Plain, towards the. Bottom: 
thereof (becaufe the North Pole is here elevated) 
draw a right Line A B, parallel to the Horizon, 
and aflume A for the.Center. of your Dial, upon 
which point, with 60 deg. of your Chords, de- 
(cribe an Arch of a Circle B E, upon which from 
B, fet the Diftance of the Meridian and Horizon, 
64 deg. 41 min. to C, and draw the Line A C 
for the Hour-line of 12. Alfo, upon the fame 
Arch from C to D, fet 6-deg. 2 min. the Dif 
france of the Subftile from the Meridian ; and draw: 
the Line A D for the Subftilar. , 
Again, upon the fame Arch fet:. A South Plain de- 
off 19 deg. 25 min. the Height clizing Eaflward 
of the Stile from D to E, and 30.deg. axd rech- 
draw the Line A Efor the Ax- xing 55 deg. PI.6: 
is of the Stile. Figs. 14 

Secondly, Upon-any part of 
the Subftilar Line, affume any point at pleafure, | 
as F, through which draw the right Line GF H: 
perpendicular to the Subftile. 

Thirdly, From the Poiit F, take the neareft » 
Diftance to the Axis of the Stile, and. fet that: 

Ei. 5; Diftance- 
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Diftance upon the Subftilar Line from F to O, and’ 
upon the point O with 60 deg. of yor Chord. 
defcribe the Semicircle M LN. 

Fourthly, Lay a Ruler from O to K, (the point. 
where the Tangent (or Equino€ial Line) croffeth. | 
the Meridian) and the Ruler will cut the Semicir-- 
cle in L, at which point begin to divide it into 12. 
equal parts in the points © © ©, ésc. 

Fifthly, Lay a Ruler from O the Center of the- 
Semicircle to the feveral points © © ©, in the 
Semicircle, and the Ruler will cut the Tangent. 
Line in the points. ** *, é5°c, 

Laftly, If from the ‘Center A, through thefe. 
points ***, yc. you draw right Lines, they” 

fhall be the ‘proper Hour-lines belonging to yous 
Plain. 

For the Stile. it may be either Plate or Wire, 
elevated above the Subflile to an Angle of 19 deg. 
25 min. and fet up perpendicularly upon the Sub-_ 
{tilar, as in all other Dials. And thus have done 
with all the Varieties of South Declining Reclins 
ing Plains. . { 


¢ 
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IL Of North Recliners. 
The Firft Variety. 
C7 HeAsPe XM 


How to draw the Hour-lines upow a North Reclin- 
ing Plain, Declining Eaft or Weft, which cut-- 
teth the Meridian at the Interfection thereof with. 
the Equinoctial. 


T. ET the Example be of a North Plain Decli-. 


~ ning to the Weft 60 deg. and Reclining from 


the Zenith 32 deg. 11 min. inthe Latitude of Low-- 


don, 51 deg, 32. min. 


3 d. =m. 
1, Latitude of the place ST Sa 

ie 2. Declination of the Plain 
cng North Wet. 60 00 
3. Reclining North. | 5 Bees 


1. The Diftance of the Meridian and. 
Plorrzop. ;° oy 
2. The Height of the Pole or Stile a- 
Renuited bove the Plain. Te 
equired’S 3. The Diftance of the Subftile and the 
Meridian. | 
4. The Plain’s Difference.-of ‘Lon- 
gitude. . 


North . 
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deg. min.. 
Norths enn Weft 7 69. 00 


Reclining | $22 18 


Firf?, Defcribe the Circle A H’C O for the De-. 
clining Reclining Plain ; crofs it at right. 


Pilate 6. Angles with the two.Diameters H O.. 


w7e.2. forthe Horizontal, and A C for the. 
Vertical Line of the Plax. 


AnD here for Variety, more than for Neceffity, 
in thefe three following Examples of North 
Recliners Declining, I will (in the feveral 
Schemes) place the Zenith and Pole down- 
wards, becanfe the Stile in all thefe Dials 
muft point upwards, the North pole being al- 


ways elevated; and in fo doing, the Hour-_ 


lines, Stile, and Subftile, will ftand in the 
Scheme as they are to ftand in the Dial ; “anda 


the manner.of the Work will be the fame as. 


before. Wherefore, 


Secondly, Set 32 deg. 11 min. the Plain’s Re- 
clination, from O to a,. and from C to B.. A Ru- | 


ler laid from H to a, fhall give you the point AE, 
through which, and the points H and O, the Ho- 


rizon, H A! O is to be defcribed. Anda Ruler. 


laid. from. H to 4,  fhall give you Z the Zenith — 


point. | 


_ Thirdly, Set 60 deg. the. Plain’s Declination — 


from A to d, a Ruler laid from Z the Zenith to~ 
d, fhall cut the. Horizon in $, the South point 
thereof. Thus have you two. points Z and S, 


through which to draw the Meridian, whofe Cen-. 
t¢r will be in the Line QE extended, and-may be’ 


fyund as formerly is taught.. 
ee | Fourthly, | 


AN 


i 


7 
xy 


A 
nf 
e 
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| Fourthly, The Horizon and Meridian being 
thus drawn, lay a Ruler-from Eto Z, and jt wil! 
cut the Pla in e; and feeing the Pole is.38 deg. 
28 min. diftant-from the Zenith, fet 38 deg. 28. 
min. from eto F, and a Ruler laid from E to F ; 
will cut-the Meridian-in P the Pole of the World, 
through which point P; andthe Center Q, draw 
the Line PQ forthe: Axis of: the World, and. 
Subfisle of the Dial. And again, becaufe the E- 
quinoctial is 90 deg. from the Pole, fet 90 deg. 
from F, and they will reach juft to A or ¢ on 
either fide, which are the very Points that the 
Plaia cuts the Meridian in, and through, which 
Points.and the Point E, in the Horizon, the Egui- 
woctial Circle mutt pafs; whofe Center will al- 
ways be in the Axis-of the World PQ extended: 
Tue Horizon, Meridian, and Equinodtial, being 
thus drawn, you may find-the four Requifites in 
+ this manner, ! ‘ 


1: To find the Diftance of the Méridian from. the 
Horizon J O. The Arch AZO meafitred by 
your Line of Chords, will be found to con- 
tain 47 deg. 18 min. which is the Sad/tile’s 

_ _Diftance from the Meridian. 

2. Lo find the: Height of the Pole or Stilé above 
the Pla PF. A Ruler-laid from @ to P, 
will cut the Platz in O; fo the Diftance F O 
on the Chords 42 deg. 52 min. is the Height 
of the Pole above the Plarz. 

3. Lhe Diftance of rhe Subfiile fromthe Meridian 
eG, which meaftired’ upon your Chord, 
will be found to contain juft 90 deg. 

4. The Plains Difference of Longitude GP e, or 
the rch e G, as before alfo 90 deg. jutt. 
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In this Scheme two Things are remarkable. 


1, Tue Plain’s cutting the Meridian iniits: In-- 
terfection, with the Equinodial. And, 
3. Tue Axis of the World paffing through the: 
_ Eaft Point of the Horizow, both which de-- 
note the Pla to be polar Declining, and the: 
Subfizle to be the fame with the Hour-line of’ 
6. and the Hour-line.of 12: at right Angles 
thereto,. wherefore the Hour-lines may be. 
drawn, as followeth.. | 


To draw the Hour-lines upon the Plain. 


Firft, Lay a Ruler from P to A, where the- 
Meridian and Equinodial interfeét, which is up-- 
on the P/ai at the very Point AZ, wherefore there 
begin to divide the Semicircle AE G #@, into 12.€-: 
qual Parts at the Points @@ ©, és’. | 

Secondly, Lay a Ruler to Q, and every of the. 
Points © © ©, és. and it will cut the Equinoc- 
tidl in the Points * **, gc, dividing that into 12. 
unequal parts. | ; 

Thirdly, A Ruler laid to P, and the feveral 
Points *** és. in the Equinogtial, will cut. 
the Plaiz in the Marks | 11, €e. , 

Lafily, A Ruler laid from Q_ to the feveral 
Marks, [1], sc. and ftrait Lines drawn there-_ 
by, fhall be the true Hour-lines fitting this polar” 
Declining Plain. ; 

F'or the Stile, it muft be a Plate or Wire fet up=— 
right upon the Sub/filar to an Angle of 42 deg. 52: 
min. and muft point upwards to the North-pole.  — 


The \ 
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The Second Variety. 
CHA P. XXIV. 


How to draw the Hour-lines upon a North Reckning 

Plain, Dechuing Eat or Weft, the Plaiw paffing 
through the Meridian, between'the Zenith and. 
the Equinocttal:. , | 


JN. this, (as in the former. Examples )> three 
* Things muft. be given, and four found, be-. 
fore the Hour-lines can be drawn. 


1 od) égaan 
1; Latitude of the Place $405 3% 

: y2. The Declination of the. 
ce} Plain North W. OO ae 
.3. The Plain’s Reclination. . 16 00 


x. The Diftance of. the Meridian from 

. the Horizon. 

2. The Height of the Pole.or Stile a-. 
bove the Plain. 

3: The Subftile’s Diftance from ‘the. 
Meridian. ; 

4.. The. Plain’s Difference. of Longi-. 

tude. . 


Firft, Delcribe the Circle AH CO for the 
Plain, and crofs it with the Diameters AC, and 
H O, for the Horizontal and. Vertical Lines 
thereot.. 

Second= 
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Secondly, (As in the laft Example) fet 16 deg. 

| the. Plaiz’s Reclination, from 

A North Dial. O to a, and from C to 4,.a 

Declining Weft 60 Ruler laid from H to a, fhall 

Rechining—— 16 give the Point’ B, through 

Plate 6. Fig. 3: which, and the Points H and 

O, the Horizontal Circle H. 

BO is to be defcribed. Alfo a Ruler laid from 
H to 4, fhall find the Zenith Point of Z: 

Lhirdly, Setthe Plain’s Declination 60 deg. from 
A tod, and.from H to e: Soa Ruler laid from 
Z tod, fhali cut.the. Horizon in.S the South, and 
laid from Z to e, fhall cut it in E the Eaft point 
thereof; and’now having two Points Z and S, 
through them you may draw the Meridian Circle, 
as hath been already taught. 

Fourthly, Lay a Ruler.from E to Z, it will cut 
the Plain F, and 38-deg, 28 min.. the Comple- 
ment of the Latitude of the Place, fet from F. to 
f,. and a Ruler laid from E to f; will cut the Me- — 
ridian in P the Pole of the World, and 90 deg, 
more, being fet forward from f to m, anda Ru- 
ler laid from E to, will cut the Meridianin A, 
the Equinoétial’s Interfection with the Meridian 4 
fo have you two Points A and E; through which 
the Eguinoctial Circle mutt pafs, and a right Line” 
dcawn through P the Pole of the World, and Q 
the pole of the Plain, will be the Axis of the 
World, and the Subftilar Line of. the Dial. 

THESE three Circles, vz. the Horizon, Meri- 
dian, and Eguinodtial, being defcribed, the fore-- 
mentioned four Requifites may from thence be ea- 
fily obtained. For, 


I. The Diftance of the Meridian from the Hori- 
rizaz, is the Arch F H, 64 deg. 29 min. 
2. The 
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2. The Height of the Pole or Stile above the Platz 
PR. A Ruler laid from @ to P, will cut 
the Platz in z: So the Diftance R x meafur- 
ed, will be found to be 30 deg. §9 min. 

3. Lhe Subfiile’s Diftance from the Meridian, is 
the Arch I M, 64 deg. 26 min. _ 

4. The Plain’s Difference of Longitude is the An- 
gle A P Q, which to find, lay a Ruler from 
P to E; and it will cut the Plaiz in D, the 
Diftance D I meafured upon the Line of 
Chords, will give 76 deg. 10 min. for the 

| Plain’s Difference of Longitude. - 


Yo draw the Hour-lines upon. the Plain. 


Firft, Lay a Ruler upon P the Pole of the World, 
and 42, the Interfe@tion of the Meridian with the 
Horizon, and it, will cut the Plsiz in D, at which 
Point begin to divide the Semicircle @ | D into 42 
equal parts, at the Points @ @ @, és’. 

Secondly, Lay a Ruler from Q_ to the feverat- 
Points © © ©, 5c. and it will divide the Egui~ 
wotizal Circle into. 12 unequal. parts. in. the Poiats 
BEX one, 

Thirdly, A Ruler laid ftom. P to every of' thefe 
unequal Parts. ***, €>¢. will cut the Plaiz in 
thefe Marks |, &5’c. dividing that into r2 other 
unequal parts, . 

Lafily, If you draw right Linesfrom Q, through: 
every of thefe Marks py] ],. €5'c.. they fhall be the 
true Hour-lines belonging to: your. Plain. 

Tue Stile may be either of Wire or Plate as in 
other Dzals, and muft be elevated above the Sxd- 
fisle, to an Angle of 30.deg. 59 min, and muit 
ftand {quare, or at right Angles to.the Plaiz. 


The. - 
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~ The Third Variety. 
CHAP. XXV. 


How to draw the Hour-lines upon a North Recli- 
ning, or Inclining Plain, Declining Baft or We/?,. 
which interfects the Meridian between the Equi- 
nocital aud the Horizon. bans 


LE T’ this third and laft Example of North Re- 

cliners Declining, be of a North Plas, recli-. 
ning 54 deg. and declining Weftward 60 deg. in 
the Latitude of Loudon, 51 deg. 32 min. 

Tus. being the third and laft Variety of declis 
ning reclining Plains, I fhall be fomewhat the 
larger in the Projection thereof, than I have been 
in any of the foregoing ; not but that this Dial is. 
to be made in all refpects like (and with the fame 
Eafe) as the former. But herein I fhall fhew at 
large the Manner of ProjeGtion, and how all the- 
Centers are Geometrically found, and the Reafons 
of their being in fuch and fuch Lines, and at fuch_ 
and fuch Diftances. And alfo, I thall proje& allo 
the Hour-lies belonging to the Plain upon the 
Plam it felf by circular Lines, by which Means. 
the Reader may attain toa more competent Know- 
ledge in what hath ‘been heretofore in this’ Prearife 
delivered. For from this ProjeGtion following, all” 
the aforefaid hath been deduced. And therefore 
fhall defcribe the Manner of the delineating of this 
Dial, according to the following Propofition. 

4 


PRO- 


. 
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PROPOSITION 
PLAT BiWE 


A Circle being defcribed, reprefenting a Declining 

Reclining Dial-plaiz; how thereon to place the 
- Meridian, Horizon, Equino@ial, Pole, Zenith, 
6c. with ali other Reguifites belonging to [ach a 
Dial. And alfo, to project the Meridians of the 
~ Sphere izfelf zpou the Plain, avd from thence to 
- draw the Hour-lines upow the Dial-plaiw, accord~ 

tug to their true Situation. 7 . ; 


LE T the Circle HS OB, reprefent.a Dia)-plain 
in the Latitude of Lozdow 51 deg. 32 min. 
eclining from the North towards the Weft 6a 
deg. oo min: and reclining from the Zenith North- 
ward 54 deg. 30 min. | 
_ fifi, Crofs the Circle with the two Diameters. 
HO, and S.B, cutting each other at right Angles 
nthe CenterQ. And becaufe the Platz reclineth: « 
54 deg. 3© min. take 54deg. 30 min. out of your 
Line of Chords, and fet that Diftance upon your: 
lain from S to a, from O to 4, and from B toe: 
Phen lay a Ruler from H to 4, and. it will cut the 
Line S Bin Z, fo thall the point Z be the Zenith 
9f the Place. 

Secondly, Lay a Ruler from H to 4, it will cut 
he Line § B in &, fo, hall & be a Point in the 
wine S B, through which the Horizon fhall pals : 
And thus having three Points H &O, you may. 
hrough them. defcribe the Horizon, whofe Center. 

will 


/ et 
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will be at m, thé Diftance m k being equal to the 
Secaut of the Complement of the Reclination of 
the Plazz ; namely 36 deg. ——— Or Geometrically 
thus, Draw the right Line k O, which divide into 
two equal parts in #, and upon.the point z, raife 
a Perpendicular ~ wm, extending it till it cut the 
Line S B in ~, fo thall # be the Center of the 
Horizontal Circle Hk O. 

Thirdly, Lay a Ruler from Hto ¢, it will cut 
the Line S.B (being extended) in the point N, fo 
fhall N be the Nadir-point. 

Fourthly, Becaufe the Pla declines 60. deg. 
from the North Weftward; fet 60 deg. trom. B 
to d, and laying a Ruler to Z.the Zenith, (which 
is alfo the Pole of the Horizon) to 4, it will cut 
the Horizon in S, through which Point the Meri- 
dian mutt pafs. 

Fifthly, Take (always) 90 deg. of your Line 
of Chords, and fet that Diftance from d to e, and 
laying a Ruler from Z to e, it will-cut the Hori- 
zon in w the Weft point thereof, anda Line 
drawn from w, through Q the Center of your Plarz, 
will cut the Horizon (if you extend’ it as here is 
done) in-E, the Eaft-point thereof, and in fome © 
part of this Line (extended if need requite) will 

«the Center of the Meridian be; and where that 
Point will fall may be thus found, ‘ 

Sixthly, . Divide the Line ‘ZN. into two equal — 
parts in F', and upon F’ereé&t the Perpendicular F 
D, cutting the Line Q w (extended) in D, fo fhall — 
D be the Center of the Meridian of the Place. 

Seventhly, If with your Compafies you take the” 
Diftance D P, and with that Extent upon BD; as — 
a Center, deicribe a Circle; you fhall find that 
Circle exa&tly to pafs through the refpective points 
Zand N, if there be no former Error committed” 
in your Work. BE 
Pid Eighthly, 
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| Eighthly, Becaufe the Height of the Pole above 
the Horizon, is equal to the Latitude of the place 


wiz. at London 51 deg. 32 min. fet off si deg. 
32 min. upon the Meridian from § to P, in this 
Manner. 

Niathly, Lay a Ruler from w, the Weft-poine 


of the Horizon, (which is alfo the Pole of the. 
Meridian) to S, and it will cut the Plaiz in b; 


then fet 51 deg. 32 min. from 4 to f A Ruler 


aid from w to f, Will. cur the Meridian in P, fo 
is P the pole of the World, diftant from Z the 
‘@enith, 38 deg. 28 min. and a Line drawn thro? 


P the pole of the World, and Q the Center of 
the Plaiz, will be the Axis of the World, and 
(extended) will cut the Meridian in M the South 


pole. 


_ Leuthly, The Meridian and Horizon being thus 
drawn, it is eafy to defcribe the Equinoétial ; for 
if you confider the pofition of that Circle in the 
Sphere it felf, you know that it always pafles 
through the Eaft and Wett-points of the Hori- 


Zon, and cutteth the Meridian at right Angles, it 


being in all Places 90 deg. diftant from either of 
the Poles. Wherefore, if upon w, (the Pole of 
the Meridian) you lay a Ruler to P the Pole of 


the World, it will cut the Pla in f; and if you 
fet 90 deg. from f to &, and lay a Ruler from w 


to g, it will cut the Meridian in fi; fo have you 
three Points, through which the fEquinoétial muft 
pafs, namely, E & and w, and the Center of the 
Equinodial will be the Axis of the World, ex- © 
tended if Need require. To find which, you 
mutt, 7 
_ Eleventhly, Divide the Line E w, inte two e- 
qual parts in G, and from the point G, upon the 
Line E w, ere& the Perpendicular G K, cuttin 
the Axis of the World in K, fo hall K be the 
ep Center 


- 2 
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Center of the Equino@ial 3’ wherefore, if upon 
Kas a Center, with the Diftance K w, you de-: 
{cribe:a Circle, that fhall be the Equinoétial, and 
(if your Work -be true) fhall pafs through the’ 
points E # and w3; then for the dividing of the: 
Equinoétial. 

Twelfthly, Lay a Ruler to P the pole of the: 
World (which is alfo the pole of the Equinoétial 
to A, the Interfe@ion of ‘the Meridian and Equi-: 
quinoial, -and it will cut the PJ/aim in the point: 
12, at which point you muft begin to divide the: 
Circle reprefenting your Reclining Declining Plain: 
into 24 equal parts at the Points © © ©, CTC. 
This.done, lay the Ruler to the point P, and eve-- 
ry of the 24 equal Parts © © @, and you fhall 
find it to cut the Equinoétial Circle in the points: 
*** €¢. dividing that Circle into 24 unequal 
parts, through which unequal parts, and the two) 
Poles of the World P and M, muft all the Hour’ 
Circles pafs. For the defcribing whereof you: 
muft, 

Thirteenthly, Divide the Line P M into two e-. 
qual parts in the Point L, (or, from the Point D,, 
the Center of the Meridian, let fall a Perpendicu-: 
lar upon the Axis of the World, which will fall’ 
in the fame Point L) and through the Point L,. 
draw an infinite right Line at right Angles to P) 
M, namely, the Line C T, for in that Line will 
the Centers of all the Hour-lives be found, and the: 
Manner how to find them is thus (one way) to be 
effected. | 

Fourteenthly, Upon the point P as a Center, at 
the Diftance P L, (or to any other Radius of a 
Line of Chords) defcribe the Semicircle X LV, 
and divide it into 12 equal parts at the Points 
+++ &c, beginning your Divifion at the Point J, 
which is, where the Ruler being laid from P, to 


D (the Center of the Meridian) cuts this lag 
drawn Circle. Then laying a Ruler from PS tps 
on each of thefe Divifions, you -thall find it to 
cut the Line C T in the points 1 > 39, 45, 60, 
és'c. On either fide of the Point D ; and here note, 
that 15 is the Center of the firtt Hour’s Diftance 
from the Meridian on either Side thereof, 30 the 
Center of the fecond, and 45 of the third Hour’s 
Diftance from the Meridian, €5¢. - : | 
fifteenthly, If you place one Foot ‘of - your 
Compaffes upon 15, and extend the other to P the 
Pole -of the World, and with that Diftance de- 
fcribe a Circle, that Circle fhall be the fir Hour 
tom the Meridian, and (if your Work be true) 
hall pafS through M the South Pole, and al 
hrough 9, the two firft unequal ‘ Divifions of 
he Eguinedial Circle, and fo all the ren.’ 
“Lafily, If from Q the Center of your Plz, 


nd the refpeGtive Points where ‘the Hour-circles - 


ut the Plaiw, you draw ftrait Lines, thofe thal! 
€ the true Hour-lines proper for fuch a Declination 
id Reclivation, as you formed your Projection 
or. ) 


Now 
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Now the Requifites belonging to this, and the lke 


1. The Height of the 
». The Diftance of the. 
3. The Diftance of the; 


4. The Angle between 


Declining Reclining Platus, are, 


Pole above the 
Plain. 

cay. 53. 3E. 
Meridian and Ho-. 
rizon. 

TA 56 41 
Subftile from the 
Meridian. 


Reprefented by 


EPR 61 47 
the two Meridians- | 


Axi which may be meafured upon the Projec- 
tion, and fo their Quantities found. As, 


q. 


Les] 


To find P A, Jay~a Ruler from P to w,, 
where the Egu:odtial and the Plaiz do inter-- 
fe&, and the Ruler will cut the Plasz on the: 
other fide atx; fo Ax meafured upon the! 
Line of Chords, will be 54 deg. 43 min. the: 
Height of the Pole above the Plain, (or PQ) 
meafured upon a Line of half Tangents,, 
will contain 35 deg. 17 min.) the Comple-- 
ment thereof. 


. To find H Y, the Arch H Y, meafured! 


upon the Line of Chords, will give 53 deg.. 
31 min. the Diftance of the Meridian fromi 
the Horizon. 


.To find £ A, the Arch [ A meafured up- 


on the Line of Chords, will give 56 deg. 411 
min. the Diftance of the Subftile from the: 
Meridian. 


4 To 
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~ 4. To find AZ P Q, Lay a Ruler to P the Pole 
of the World, and /E the InterfeGtion of the 
Meridian and the Equinoétial, and it will cut 
the Plazz in 0, the Arch o B meafured upon 
the Line of Chords, will be found to con- 
tain 61 deg. 47 min. which is the Angle be- 
tween the two Meridians. 
Tuus have you in this Scheme, delivered the 
true and genuine way of delineating Sun-Dials, 
deduced from the Sphere it felf, by which the Rea- 
fon of all that hath been before delivered, is ren- 
dred obvious, and fufficiently demonftrative for 
this place. But here you fee, that the Centers of 
the Meridians or Hour-circles fall out to be very 
remote, and that there will be required a large 
Tangent-line for their Defcription, which will 
(for the moft part) run out very far, and fome- 
times, almoft to an infinite Excurfion. I therefore 
chofe rather to thew, how the Hour-lines might 
be drawn, without having any Regard to this Tan- 
gent-line, or without projecting of the Hour-lines 
upon the Cercular Plaiz, and therefore the Ways 
before delivered are far more apt for praétice than 
this, trough this be more {fatisfactory to the inqui- 
fitive Reader, who will not be fatisfied only with 
the doing, but of the underftanding as well of 
what he does, and it js for the Satisfaétion of fuch, 
that I have here added this Propofition. 


& F CHAP. 


— 


s10, Geometrical Dialling, 
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CHAP. XXVIL | 
Concerning Inchuing Plains, both Diredé. and De-- 


3 clining. | 
F Reclining Plains there are but two Sorts, ass 
hath been before inftanced, and thofe are et: 
ther Direct or, Declining. The Dire are thofee 
Reclining Plains which do directly behold the Ea/ti, 
Weft, North and South Points of the Horizom. 
And the Decliners are thofe which (befides theitt 
Reclination from the Zenith) do refpect two obi 
the forementioned Cardinal Points, as, 
(1.) The Souzh and the Weft. 
(2.) The North and the Weft. 
(3.) The South and the Baf. 
_ Or, (4.) The North and the Weft. 


Firtt South @declining , 4” 
2 ySecond¢ fort are) North § Wett. a, | 
Third C called South declining ¢ 3 | 

Fourth. North (Wel. IS 


Lalfo before intimated, and gave Examples, thaw 
_of Dire& Recliners, there were three Sorts, v2z., 
1. Sucu as Reclining from the Zenith, do bes 
hold either the due Eaff, or due Weft Points op 
the Horizon; and of this Sort there is only ons. 
kind, and no- Variety in any Cafe. ——— 
2. South Recliners, of which there are three 


Varieties, —_— iat 
Anp 3. North Recliners, .of which alfo there 
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Acain, OF Reclining Declining, I told you there 
were fix Varieties alfo, as there were of Dire& 
Recliners, viz. Three of South Deqining Plains 
reclining, and as many of North reclining Decli- 
hing Plas; of all which I have given Examples, 
and itimay be now expected that I fliould do the 


like for the Inclining Plains oppolite to them, of 


which there are alfo as many Varieties, but feeing 


that the making of the reclining Dza/, whether 


Dire or Declining, doth alfo make the Inclining 


Dial, whether Dired or Declining oppofite there- 


unto, I fhall fave the Labour, and commend to 
the Ingenious Reader fome few Rules by which he 
fhall eafily frame the Inclining Dza/ out of the Re~ 
Cliner. And, 


_ I. Of North and South Incliners. 


[ will take for Example a South Plaiz, reclin-. 
ing 55 deg, whichis the third Variety of South 
Recliners, and I would from that deduce the Hour 
lines proper for a North Pla inclining as much,. 
wiz. 55 deg. And it is eafily effected. For, + 

Ir you draw the Hour-lines of the South Re- — 


 cliners 6 A B 6, andthe Stile thereof al- 


fo, quite through the Center Q, tothe Plare 6. 


 oppofite part of the Plawz, 6 CD 6, and fg. 4. 


_. fet the fame Numbers to the Hours on 


the right Hand in the Recliner, and the contrary, 
as the Figure clearly demontftrates: And let the 


Axis in the. North Incliner point downwards to 


_ the South Pole, as the Axis in the South Recliner 


» . 
or 


doth upwards to‘the North Pole, and your Dial 
is finifhed. Or you may efteét this Work by prick- 


“ng off the Hour-lines through the Paper, and 
_ urning it upfide down, and that will effect the 


fame thing, only changing the Names of the Hours. - 
ies “ F 2 Or, 
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Or, again, if you turn the South reclining Pla, 


6 AB6 about, upon the Center Q, till the Line 
A Bcome to bein the place of C D, then will 
the Hours, Stile and all, be truly named and pofi- 
ted; and the very South Recliner will become the 
North Incliner without any Alteration. 


Il. Of Eaft and Weft Incliers. 


Tuere is little Difference in drawing of the 
Eft or Weft Inclining Dials from the reclining 
Dials oppofite to them, from drawing the North 
Incliner before from the South Recliner. For, 

Ix the Example of the Eaf and ef? reclining 
and Inclining Dza/ before going, Chapter To. The 
Dial as it there ftands, reprefents an Eajt or Weft 
reclining Plaiz. But if you turn the Déa/ about 
upon the Center Q, till the Letter N come to be 
in the place of the Letter S, in that Figure, then 
will the fame Dial reprefent both an Ea/? and We/t 
Dial Inclining 35 deg. as now it doth an Ea/? or 
Wefi reclining as much. The Subftile, Stile, Meri- 
dian, and the reft of the Hour-lines retaining the 
fame Names or Denominations, as now they do. 


Il. Of North or South Declining Inchiuing Platas. 


Or North and South reclining Declining Plas 
there were fix Varieties, Examples of each have 
been largely given. There are as many of North 
and South Incliners, but feeing they may be fo 
eafily deduced out of their oppofite Recliners, I 
fhall forbear giving Examples, and the Way is not 
much differing from the Rules before given for 
Dire& reclining and inclining Plaims. For fecing 


the Reclination is alike proper to each, and the 


DeficGion of the Subftile from the Meridian in 
/ : , the 
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_ the Declinations do fo dire€tly agree, they may 
both be reduced to one and the fame Dig/, as the 
other were. : = ; 
. Tuus, If any reclining Dial be fo inverted, 
that the upper Part thereof become the nether, and 

after this Inverfion the right Side of the Recliner 
become the left Side of the Incliner; and the con- 
trary, the Inclining Déa/ having the fame Declina- 
tion, fhall be framed out of the Recliner, and the 
contrary. Only the Denominations of the Hours 
muft be changed. For the Fore-noon Hours in 
the Recliner, will be the After-noon Hours in the 
Incliner; and the Afternoon Hours of the upper 
Dial, the Forenoon Hours of the nether. 


Caden gb» 
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CHAP. XXVIII. 


A General Rule to know which Pole, whether the 
North or he South, ts to be. elevated over any 
>. Plain. 


THE Stile of every Dial refpe@eth (or rather 

lieth parallel with) the Axis of the World, 
and always pointeth upwards or downwards, to 
One of the Poles. Now when you have drawn 
your Dial (though truly) you may be to feel, 
Whether it be the North or the South Pole that, 
muit be elevated ; wherefore to avoid any Miftake, 
and to inform you which Pole is to be elevated, 
Obferve this General Rule. 
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Second Way 
DIALLING, 


Geometrically Performed. 


ony Maye ne UE: 


the foregoing Firft Part, you have 
a moft abfolute and perfect Way of 
delineating Sz Dials upon all forts 
of Plaiw Superficies in what Pofition ~ 
foever fituate, and in any Latitude, 
whether the Plains be dire&t, or do decline, or 
Whether they both decline and recline: And alfo 
you may there find, not only the manner how 
© make Dials, but to know the Grounds and 
Fo4 Reafon 
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“Reafon of Dials, deduced from the Sphere or_ 
Globe projected ix plano, vpon the Dialplaim’s 
Superficies. 

Bur notwithftanding the Exaftnefs and Rati- 
onality of delineating of Howr-lives upon all Plazws, 
and in all Places, as is before taught ; yet the ways 
there delivered, may (in fome Cates, at fome 
Times) be found inconvenient to put in Prattice: 
As (1) When the Centers of fome of the Circles 
fall out to be very remote. (2) When the une- 
gual Divifions of the Egu:noctial Circle come very. 
near or clofe together, which they will always 
do, when the Pole hath but fall Elevation above 
the Plain, and fach like. For the removal of 
which Inconveniences, I fhall in this Second Part 
add another Geometrical Way of Dialling, which 
fhall be both plain, eafie, exa&t, and quick of Dif- 
patch; andall of it performed by ftraic Lines, and 
not by Circular Lines, as the former Way re-. 
quires. And moreover, this fecond Way hath 
a Convenience, whereas moft other Geometrical 
Ways of Dialling are liable to out-run the Limits 
of the Plain, by almoft infinite Excurfions: For 
in this Way, having firft made a preparative Scheme 
upon Paper (or Paftboard rather) you fhall have 
but very few Lines to draw upon the Dial-plaiz 
but the Hour-lines themfelves. 5 

IN this Second Way, I fhall be brief, beginning 
fir{t to fhew how to defcribe the Hour-lines upon 
Upright Declining Plaius; referring the Delineati- 
on of Hours upon the Horizontal full North, South, 
Eaft, and Weft Plasws (whether upright or reclin- 
ing) till afterwards ; And the reafon for my fo do- 
ing, will of it felf appear, when I fhall come to 
treat of them. Wherefore to proceed. 


SE C- 


| 
| 
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SECTION, & 


How to draw the Hour-lines upon an Upright South 
Plain declining from the South towards the Weft: 
20 deg. in the Latitude of London, 5t d. 32 m.. 


H4v IN G the Latitude of the Place, and- 
~~ the Declination of your Plaiz. given, before. 
you come to draw the Hour-lines upon the Plaz,, 
you mutt firft draw your preparative Scheme as: 
followeth. 


I. How to draw a Preparative Scheme /uitable to. 
any Declination in any Latitude. Pl. 8. fig. I. 


Firft, With 60 deg. or the Radius of yourScale 
of Chords, defcribe the Quadrant of a Circle Av 
B D, extending the Side BA to C, fothat AC 
be equal to AB: And then draw the Right Line. 
DC 


_ Secondly, On the Point B, erect.the Perpendi- 
cular Bw. . 
_ Thirdly, Take 51. deg. 32 min.. (the Latitude) 
out of your Line of Chords, and fet them from 
Bto F, and from.D.to G, and. laying a Ruler 
from A to F and G, draw thetwo Lines F K,. 
and G I. 5 

Fourthly, From the point G, draw the Line G. 
H, parallel to D A, or perpendicular to BA.. 

ifthly, Take 20 deg. (the Plain’s Declination}: 
out of your Scale of Chords, and fet them from 
D to E, and through the Point E, draw the Line 
i L, parallel to D A. 

BS Sixthly, 
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Sixthly, With 60 deg. (or the Radius of your: 
Seale of Chords) taken in your Compafies, fet: 
one Foot in the point D, and with the other de-- 
{cribe the Arch A O, which divide into three e-- 
qual parts in the points P and Q, for the whole: 
Hours, each of which three Hour-fpaces AP, P? 
Q, and Q O, divide into four equal Parts at ** *,, 
zee *** for Halfs and Quarters of Hours.. 
Which done, if you lay a Ruler to the point D,, 
and the points P and Q, the Ruler will cut the 
Line A Cin the points 2 10, and 1 311, and byy 
thefe points the Line A C is divided into. three un-- 
equal parts in the Points 3, 9, 2, 10, 1, 11-andi 
12, reprefenting four Hours. And if from D,, 
syou lay aRuler over the feveral Spaces in thee 
Hour-line A C into four unequal parts for Halfss 
and Quarters of Hours. And’ thus is your prepa-- 
rative Scheme fo far finifhed. Wherefore nowr 
let us proceed, 


YW. To draw the Meridian, Stile, Subftile aud Hour-> 
lines upon the Plain it felf. Plate 8. big. 2. | 
Firft, Upon your Dial-plain draw a right Line 

as ST, for the Meridian, and Hour-line of 12.; 

Upon which, affign any convenient-point, as Ry 

for the Center of your Dial; through which.pointt 

R,. draw the Line RW’ perpendicular tovS. T. © 
Secondly, Out of your preparative Scheme takee 

the Line B K, ‘and fet it upon your Dital-plarma, 

from Rto T;. alfo, from the preparative Scheme 
take BI, and fet iton your Dial plaiaz from R te 

W, on the right Hand, becaufe the P/ain declina 

eth Weft, and from T to V, nvake the re€tanglecd 

Parallelozram RW V T on the Eatt fide. 


Thirds: 


bites. 


eee } : pines 
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_ +, Thirdly, Out of the preparative Scheme take © 

_ the Line L A, and fet it upon the Diakplain from 
T to X, and from W to @, and draw the Lines. 

/R X for the Subftilar Line, and R © for the 
Hour-line of Six, which draw quite through the. 
Center R. 

Fourthly, Out of your preparative Scheme, take 
the Line E L, and fet it upom your Dial-plan 
from R to 12, and from X to ¥, perpendicular 
to R. X&, and draw the Line R Y for the Axis (or 
Stile) of your Dial. 

Fifthly, Qut of your preparative Scheme, take 
the Line G H, and fet it on your Dial-plain from 
R to Z, and draw the Line Z 6, parallel. to W. 
V, till it cut the Hour-line of Six in 6. 

Sixtbly, Make R 6 above the Center, equal to 
R 6 below the Center, and draw the two Lines 
12 6, and: te. 6. 

Seventhly, Out of yout Déal-plan take the 
Length of the Lines 12 6, and 12 6 feverally, and 
fet them upon the preparative Scheme from B to 4, 
and from B to 2. And laying a Ruler from ’C to 
aand 6, draw the Lines M C, and N C. 

 Lafily, Prom the point A or 3; 9, take: the 
meare(t Diftance: tothe Line N.C, and fet that 
Diftance upon your Dial+plain from 12 to 9, for 
it will (if you work truly) divide the Line 6, 12 
into two equal parts in 9. Alfo fet one Foot of. 
the Compaifes in the point 2, 10 in the Line “\ C 
of the preparative Scheme, with the other take the 
‘neareft Diftance to the Line NC, and fet thae 
Diftance upon your Dial-plain, from 1r2to 8, and 
from 6 to 10. Again, fetting one Foot of the 
Compafles in the point 1, 11. -in the Line A C of. 
the. preparative Scheme, with the other take the 
neareft Diftance to the Line N C, and fet thar 
' Diftance from12 to 11, and from 6 to 7: So. is 
a 3 Be phen. 
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the longer Line 6, 12 on your Dial plain, divided 
into 6 unequal parts in the points 7, 8, 9, 10, and 
¥13; through which points, Lines drawn from the 
Center R, fhall be the true Forenoon Hours. 
For the Afternoon Hours, the fhorter Line 12, 
6. on your Dial-plaig, muft be divided from the 
Line M C in the preparative Scheme, as the Jon- 
ger Line 12, 6 was before divided; by taking the. 
Teaft Diftance from A or 9, 3 tothe Line M C, 
and fetting it from 12 to 3, or from 6 to 3. —— 
Alfo the leaft Diftance from 2, 10, to M CG, in 
the preparative Scheme, will reach from 12 to 2, 
and from 6.to 4.——— Likewife the leaft Diftance 
taken from 1, 11, to the Line M C, in the prepa- 
rative Scheme, will reach from 12 to 1, and from 
6 to 5. Sois thefhorter Line 12 6, on the Dial- 
plain, divided into 6 unequal parts in the Points 3, 
2, 354, 5. Uhrough which Points, and the Cen- 
ter R, right Lines being drawn, they fhall be the 
true Hour-lines upon the Plain. And fo is your 
Dial finithed. 


Ir you would infert the Halfs and the Quarters 


of Hours into your Plain, you may eafily do it, 


if from the preparative Scheme you take the near-_ 


eft Diftance from the Half and Quarter Points ia 


the Line A C, and transfer them to the Lines 12,. 


6, and 12, 6, in the Dial-plate.. 
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flow to defcribe the Hour-lites upon the Horizontal, 
full South, North, Eaft and Weft, Ered or Recli- 
ning Plaiws. Plate 8. Fig. 3, ; 


I N thefe kind of Plains, which dire&ly behold 
~ the four Cardinal North, South, Eaft and Weft 
Points, the Latitude of the Place, and Reclination 
of the Pla:z being known, there is nothing requi. 
red, but to know the Elevation, or Height of the 
Pole above the Plaiz, which how to find, is fufii- 
ciently taught in the fourth and fifth Sections of 
the third Part of this Book : And therefore | 
fhail not here mention the fame again, but refer 
you to thofe fore-mentioned fourth and fifth Sece 
tions of the Third Part hereof. Wherefore, to 
draw Hours upon any of thefe Ered, Dire, or 
Diredt Reclining Plains, when the Height of the 
Pole or Stile above the Plaiz is found, you have no 
more to do; but, 
_ farft, Draw a right Line A B*for the Hour-line. 
of Six, and another at right Angles thereto, for 
the Hour-line of 12, as the Line © X. 

Secondly, With the Radius of your Line of 
Chords 60 deg. upon © as a Center defcribe the 
Semicircle A X B. And the Height of the Pole 
above the Plain being known, (as for an Horizon 
tal Dial for Lowdoz, where the Pole is elevated 51 
deg. 32 min.) ‘T’ake 51 deg. 32 min. from your 
Chord, and fet them upon the Semicircle from X 
to F, and from X to I, and through the Points F 
end I, draw the Lines.6 F and 6.1, parallel to © 

X, and - 


~ 
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X, and draw the Lines X 6 and X 6 on either 
fide of the Meridian. . 
Thirdly, (Having Recourfe to your former pre- 
parative. Scheme) take in your Compafies the 
Length of the Line X 6, and fet it upon the pre- 
parative Scheme from B. toc, and laying a Ruler. 
from C to c, draw the pricked LineC A. 
_ Fourthly, Inthe preparative Scheme from the 
Point A or 9, 3, take the neareft Diftance to the 
Line,4 C, and fet it upon the Lines: X 6, and X 
6, from X to 3, and from X to g. Alfo from the 
Point 2, 10, in the Line A.C of the preparative 
Scheme, take the neareft Diftance to the Line A 
C, and that Diftance fet upon the Lines X 6, and 
X.6, from X.to 10 and 2,.and from.6 to 8, and 
from 6 to 4. Likewife, take the neareft Di- 
{tance from the Point 1, 11, in the Line A C of 
the preparative Scheme, to the Line 4 C, which 
Diftance will reach from X to 11, and from X to 
1, and alfo from 6 to 5, andfrom 6 to 7. So 
are the two-Lines X 6 and X 6 divided each of. 
them into fix unequal parts, the.one in the Points 


3, 2, 3, 4. and 5, and the other in the Points 11,_ 
10, 9, 8 and 7. Through which Points, right _ 
Lines drawn fromthe Center ©, they fhall be the 
true flour-lines proper for. an: Horizontal Dial,. 


for the Latitude.of Lozdox,. 51 deg. 32 min. 


For the-Stile of this Dial, a Line drawn from. 


the. Center:@ ; through cither of the Points F 
and I, fhall.reprefent the Axis of the World, .. 


or Stile, of: the. Dial... 


| 
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For a Vertical or Ere& South Dial for the (abi 
titude 51 deg. 32 min. 


Tue. Height of the Pole above a South Plain in 
the Latitude of 51 deg. 32 min. is 38 deg. 28 min. 
the Complement of the Latitude. Wherefore, 

Firft, Take 38 deg. 28min. from your Scale of 
Chords, and fet them from X to G, and from X 
to H, and draw the Lines G M and H L parallel 
to@® X. Draw alfo X Mand X L. 

- Secondly, “Take the Length of the Line X ML 
and X L, and apply it to. your preparative Scheme, 
fetting it from B to d, and laying a Ruler fromC 
to d, draw another pricked Line C AS. 

‘Lbivdly, Vhe neareft. Diftances taken from the 
Points A 2, ro, and 1, 14, in the Line A C cf. 
the preparative Scheme, will (being transferred 
from thence to the Dral-plaiz) divide the Lines X 
M and X L, each of them into fix unequal parts, 
through which Divifions,. and the Center ©, 
Lines being drawn, they fhall be the true Hour-. 
lines of an Ered South Dial im the Latitude of 


Loddon. . , 


A Line drawn from ® (the Center of the Dial) 
through the Points H or G, fhall repreferie 
the Axis-of the World, and'be the Stile of 
this Dial. Hifi RAIoSTD. UF e 


For a Direct North Reclining Plaiv. 


Let your Example be of a Dire& North Ploiz 
Recliaing from the Lenith 15. deg. and fuch a Dial 
is. defcribed in the 17th Chapter of the Firft Part, 
and the Height of the Pole ot Stile above the 
Plain, was there found to be 63 deg, 28 oe 

| An 
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And fo it will be found to be by the Rule deli~ 


vered in the Fifth Se@ion of the Third Part of 
this Book. — 

Firft, he Height of the Stile being found to be 
63 deg. 28 min. take 63 deg. 28 min. from the 


Scale of Chords,. and fet them from X to E, and: 


from X to K, and draw the Lines EC and K D, 
parallel tothe Meridian @ X. Alfo draw the 
Lines X C,.and X D. 


Secondly, Take the Length of the Line X C or 


from X D, and fet it upon the preparative Scheme 
from B to e, and draw a third pricked Line ase C. 
Thirdly, The neareft Diftances taken from. the. 


Points A 2, 10, and 1, 11, in the Line A G, fhall,. 


(being fet upon the Lines XC and X D) divide 
them each into fix unequal parts, through which 
and the Center @, right Lines being drawn, they 


fhall be the true Hour-lines of a North Direé. 


Plain Reclining 25 deg..in the Latitude of Lozdoz. 
THE. Stile muft be drawn from the Center ©, 
through the Point E or K,. 


For Dired Eaft or Weft Plains, whether Ered or 
| Reclining. 


For Ered. Dired Plains, where the Hour-lines 
are parallel one to another, the Stile. or Pole hav- 
ing no Elevation, the beft Way to make them, is, 
as is directed in the fixth Chapter of the Firft Part. 
And therefore in this Place, nothing more need be. 
faid concerning them. But, 


For 


, 


PEE Te se ot 
Ray fi Wee 
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For Eaft and Weft Recliners. 


Tue beft Way to deal with thefe kind of Plains, 
is to refer them to a new Latitude, and to 4 new. 
Declination in that new Latitude, both which are 
eafily attained by this following GENERAL Rutz. 


1. The new Latitude, is always the Complement 
of the old Latitude. | 

2. The new Declination in that new Latitude is 
the Complement of the Reclination. 


So that if a diret Eaft Plain, in the Latitude 
of Loudox 51 deg. 32 min. fhould recline 40 deg. 
and you would find the new Latitude, and new’ 
Declination ; 

firfi, The Complement of the old Latitude 5 
deg. 32 min is 38 deg. 28 min. And that mut 
be the new Latitude. | 5; 

Secoudly, The Reclination being 40 deg. “The 
Complement thereof is 50 deg. And that is the 
new Declination. | 

So that if (by the Direction of the firft SeGion 
hereof’) you make an Ereét Dial to decline 50 d. 
in the Latitude of 38 deg. 28 min. that Dial 
fhall terve for an Haff or Weft Dial, reclining 420 
deg. in the Latitude of 51 deg. 32 min. 

Lhirdly, Although this Declining Plain. be truly 
made, yet the placing of it upon the Déal-plain 
differeth from Ered Plas : For, in all Ereé& 
Declining Plains, the Hour-line of 12 is always 
perpendicular to the Horizontal Line of the 
Plain. So in all Eaff and Weft reclining Plains, 
the Hour-line of 12 mutt lie parallel to the Hori- 
zontal Line of the Plain. As you may fee in the 
figure Chap. yo, of Part the Firft. 


It 
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It may here be expected, that I fhould fay ~ 
‘fomething concerning Declining Reclining Plains, 
which this Geometrical Way will very well per-, 
‘form by referring them to a new Latitude anda 
new Declination, where they will become Ere& 
Declining Plains ; but there are three Ways in this 
Book already taught, how to efteé the fame by o- — 
© ther Means. I thought good to omit them in this 
Place; and to give Examples in Ere@t Dirc&, in 

Direét Reclining, and in Ere@ Declining Plains 
(as being of all others the muft ufeful.) And fo 
I fhall conclude this Second Geometrical Way of — 
Dialling 
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_Arithmetically Performed: 


y the CANO NS (or TABLES), 
of Artificial Sémes and Tangents. « 


PART Il. Sat as 


- 
The Argument. 


Zes| HEREAS the two foregoing Geo-. 
a| metrical Ways, of delineating or mag 
king of Sw-Dials, may be rejec 
by fome, and a more accurate Perpt- 
: mance of the fame required by rsh, 
thought good, (to make this Treatife t 
Bicicat which for a Geometrical Way ' 
ect enough) to add the Canons, 4 Ca or 
Propor- 
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Proportions, by which the feveral Requifites in all 
Plains may be Arithmetically attained, by the Helgy 
of the Canons or Tables of Artificial Sines ance 
Tangents (than by which there can be no exacteri 
Way.) Which Tables are already in moit Mena: 
Hands, and the general Ufe of them no lefs coma: 
mon: Wherefore I fhall fay nothing of that in this 
Place, but proceed to the finding the ’forementt:: 
oned Requifites, as followeth. And, 


Ribedi ddd diet dod Bedstead Aad dda oe Oa 


SEO PON ti. 
Of Vertical or Horizoutal Plains. 


N thefe Paws there is nothing required but the 
Height of the Pole above the Plaiz,.. which im 
all Places is equal to the Latitude of the Placey. 


for which the Dial is to be made. | | 
| 


se So Se ly he Sp eS 


SECTION IL 
Of North aud South Erect Direct Plains. 


-N thefe Plains alfo there is. nothing required: 

but the Height of the Pole above the Plazz,, 
Which in all Places. is equal. to the Complement: 
Of tle Latitude of the Place. Wherefore, fub- 
traét te Latitude of the Place, for which your 
Dial isis be made. from go deg. and the Re 
mainder 
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aainder is the Height of the Pole above the 
‘outh er North Ereét Dire@ Plaiz. 


deg. min. 
From wees 90 CO 
Subftract Latitude —~ 51 32 


Serene 


~~ There remainnem__—=38_—s28 


Which is the Height of the Pole above a De. 
ect North or South Plaiz in the Latitude of 
Ideg. 32 min. | 3 


CMOS TMS ONL AR EL MB 


Se: T Pon: ue 
Of North and South Ered Declining Plains. 


5 UT in Ere& Declining Plas, (befides the 
Latitude of the Place, and the Declination 

“the Pla) there are three Things requifite to 

‘found, before you draw the Dial, and they 

e. tke. 

I. The Height of: the Stile (or Pole) above the. 
Plain. d 

2. The Diftance of the Subftile from the Mes 
ridian. 


3. Lhe Plain’s Difference of Longitude. 


Example, In the declining Plaiz in Chapter 8 
whofe Declination was 24 deg. 20 min. in 
Latitude of $1 deg. 32 min. 
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*. the Co-fine of the Declinati- . 
- So is the Co-ti i a Bosom 


’ 


1. For the Height of the Pole above the Plaiw. . 
As the Radius 90 deg. 10.0000 
Is to the Co-fine of the Latitude | ; 
38 deg. 28 min. t 9.793833 


on 65 deg. 40min. : 
To the Sine of 34 deg. 33 min. 9.75 34.22! 
Which 34 deg. 33 min. is, the Height ¢o 
the Pole above the P/am. : 


2. For the Diftance of the Subftile from the 
| Meridian. 
As the Sine of 90 10.000000 
Is to the Sine of the Plain’s De- 
clination 24 d. 20 m. t 9.614.948 
So js the Co-Tangent of the Lati- 63 
tude 38d. 28 m. $ 9.900088 


are 


Tothe Tangent of 18d. 8 m. 96515035 
Which 18 deg. 8min. is the Diftance of tl 


Subftile from the Meridian. | 


3. For the Plain’s Difference of Longitude. i] 
As the Co-fine ofthe Latitude 38 ne 9.7938H 


28 min. 


Is to the Radius 90 deg. 10.00300! 


So is the Sine of the Diftance of : 
the Subftile from the Meridian 9-49 301 


18 deg. 8 min. 


pe 


Io the Sine of 30 deg. oF min. 9.69911 
“Which 30 deg. or min. is the Plainv’s Ditti 
aence of Longitude. | 

| S: Eg 


| : 


SECT EON Ivili.” We. 
Of South Dired Rockaing Plains. 


a N thefe Plazs, (the Latitude of the Place, and 


the Reclination of the Plain being given) there | 


is only required the Height of the Pole above the 
Plax: In which there are three Cafes, in all which 
ie may find the Stile’s Height, as followeth : 


| a. IF the Reclination of the Plaiz be lefs than 


|. the Complement-of the Latitude of the Place, ee 
— fubftra& the Reclination out of the Comple- . 


@ 


ment of the Latitude, and the Remainder 
will be the Height of the Pole or Szile above 
the Reclining Plaiz. But, 
. I the Reclination of the Piaiz be more than 
the Complement of the Latitude, fub(traQ 
the Complement of the Latitude from the Re- 
clination, and the Remainder fhall be the F- 
levation of the Pole above the Plaix. 
- If the .Reclination be equal to the Comple 
ment of the Latitude, the Pole hath no Ele- 
_ vation over fuch a Plaiz, but is an Equinodtial 
_ Plam, and mutt be made by the Rules deli- 
vered in the twelfth Chapter of the Firft Part 
of this Book. a 


4. Cafe 


eh Si ok a + 
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deg. m.. 
Latitude 51 deg. 32 min. g 28 
Complement 3 
Cate Reclination 22 > 
Height of the Pole above U i¢ is 
the Pla. 
Reclination 62 23% 
Latitude 51 deg. 32 Nake 9 4m 
oe Complement 3 
2. Cafe 


/ Height of the Pole above 
the Plaiz. t 23 338 


BD Cea Bi ER SOB Ee OI ES a 


SECTION VY. | 
Of North Direc Reclining Plaius. a 


N thefe Plaixzs alfo (the Latitude and Reclii- 
nation being given) there is only required ee 
Height of the Po/e above the Plaim. 
To find this, 
1. Add the Complement. of the Latitude to thee 
-Reclination, and the Sum of them is the Beige 
of the Pole above the Reclining Plain. 


7 deg. mini 
Lat-51 deg. 32 min. Compl. 33 an 
Reclination 27° 141 


Height of the Pole above the Plazz. 65 4a 


2. Bur 
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_ 2. Bor if this Sum exceed 90 deg. then fub- 
trad it from 180 deg. and the Remaindes fhall be 
the Height of the Po/e above the Plain. 


deg. min. 
Latitude 51 deg. 32 min. Compl. 38 628 
_Reclination. , 7O 42 


Sum. 109 19 
Which fabtra@ from 188 oo 


There remains <4. §0 

Wuicu 7o deg. 50 min. is the Height of the 
Pole above the Plain, 

3. Ir the Sum of the Complement of the Latj- 
tude and the Reclination added together do make 
jutt_90 deg. then that Plaiz js a Polar-plain, and 
the Dial for fuch a Plaiz mug be made in all Re- 
{pects as is directed in the 16th Chapter of the frit 
Part of this Book, : 


CES USCS ee ree eee 
SECTION VI. 


Of Eaft and Weft Dired Reclining Plains. 


[ N Eaft and Wet reclining Plains (the Latitude 

of the Place, and Reclination being given) there 
are required the fame three Things as in North and 
South Ere& Decliners, namely, 


1. The Fleight of the Pole (or Stile) above the Play, 
2. The Diftance of the Subjtile from the Meridian, 
3. The Plain’s Difference of Longitude. . 


Hxample, Of the Eaft or Welt reclining Plain, 
‘Part I. Chap. 30. whofe Reclination was 35d. 

@©om. and Latitude st deg. 32min. 
: G 


( 


{ 
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1. For the Height of the Pole or Stile above the 
— Plai | 


ain. 
As the Radius 90 deg. 10.00000) 
Is to the Sine of the Latitude 51d. 8 
32 min. 9-°93 744 
So is the Sine of the Reclination 35d. 9.7 585.99 
To the Sine of 26 deg. 41 min. 9.6523% 


Which 26 deg. 41 min, is the Height of thee 
Pole above the reclining Plain. 


Maiau. 


2. For the Diftave “of the Subfiile from the 
al Meridi 


“As the Radius 96 deg. 10,000000 


‘ & For the Plain’s Difference of Longitude. 
oe . 


Is to the Tangent of the Latitude , 
51 deg. 32 min. tie 
So is the Co-fine of the Reclina- | cont 
tion 35 deg. 99939 


| 


fee th Tangent’of 45 deg. 52 min. 10.0132") 
4 ich 45deg. 52 min. is the Subftile’s Dit 
ftance from the Meridian. iF 


“As the Sime of the Latitude 51d. 32 m. 9.8937: 

Is to the Radius 90 deg. 10.00006 
So is the Sine of the Subftile’s Di- 

ftance from the Meridian 45 deg. : 9.8559) 

$2 min. 
To the Sine of 66 deg. 27 min. 9.9622) 
Which 66 deg. 27 min, is the Plain’s Diftes 
rence of Longitude. | 
SES 
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AN VIL" 
orth Deolining Reclining Plains, 
LN Declining Plainsteélining (befides the Lati- 
, ton and Reclination 


he moft part given) 
efound before you can 


there muft four Thing 
“draw the Dial, uz. 


1. The Diftance of the Meridian and Horizon. 
_ 2. The Height of the Pole or Stile. 
. 3. Lhe Diftance of the Subfiile from the Meridian. 
4. Lhe Plain’s Difference of Longitude. 
OF thefe Plains you have in the 20, 2B, 22, 23, 
24, and 25 Chapters of the fir(t Part, fix 
_ Varieties, which are all that in any Cafe may 
happen, wz. Three of South Declining .Re- 
__. Glining, and as many of North Declining re- 
~ ¢lining ; 1 fhall only inftance in two of them, 
. %%, one of a South reclining Plain Declin- 
ing Eafterly, and another of a North reclin- 
ing Plain Declining Wefterly. The Example. 
of the South Recliner fhall be that in the 
. third and laft Variety of South Decliners re- 
, clining, and that is of a South Plain decli-. 
ning Eafterly 30 deg. and reclining 55 deg. 
as in Part I. Chap. 22. : 


G 2 1. In 
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I. In South Decliners Reclining. 


4. For the Diflance of the Meridian from the 
Horizon. 


As the Radius 90 deg. 10.000000 


Is to the Sine of the Reclination ail 
5 deg. 9.9133} 
So is the Tangent of the Declination 

30 deg. t 9.761444 
To the Tangent of 25 deg. 19 min. 9.6 748%« 
Which 25 deg. 19 min. being taken from go 
deg. leaves 64.deg. 41 min. the Diftancs 

of the Meridian from the Horizon. 


2. For the Height of the Pole (or Stile) above 


the Plain. 
This will require two Operations. | 
a. As the Radius 90 deg. 10.0800% 


Is to the Sine of the Diftance of | 
the Meridian from the Horizon 9.95611) 
64 deg. 41 min’ 
So is the Co-fine of the Reclination t 9 ah 
55. deg. 9-75 95%) 
To the Sine of 31 deg. 14min. 9.71474: 
Which 31 deg. 14 min. being lefs than the Lan 
titude 51 deg. 32 min. fubtraé it therefromn 
and there will remain 20d. 18 m. 


Ther 


Then again fay, 


2. As the Sine of the Diftance 5 
of the Meridian from the Ho- “Co. Ar. 0.04385 


rizon 64 deg. 41. % 
SEE! 
Is to the Sine of the Arch laft 
found 20 d. 18 m. é ath ed. 
So is the Co-fine of the Declination 
30 deg, é 9-93753 


; t OEE Seem 
To the Sine of 19 deg. 25 min, 9.52163 
WuHiIcH 19 deg. 25 min. is the Height of the 

. Pole or Stile above the Plain. 

— Note, That if the Arch found at the firft of 

_ thefe Operations be equal to the Latitude of 
the Place (as there it was leffer, wz. but 31 
deg. 14 min.) then the reclining Plain had 
been an Equino@tial Decliner, and muft be 
made as by the Precepts delivered in the 20th 
Chap.. of the firft Part. 


3. For the Diftance of the Subftile from the Me- 


vididh. 


$ the Co-Tangent of the Declina- 

tion 30 d. Co. Ar. | HoT Ol AS. 

Is to the Sine firft found in the laft 
Proportion, vz.°31 d. 14 m. é Ds EPaT] 

O is the Tangent of the Height of 2 

the Pole above the Plain 19 deg. “> 9.54714 

25 min. S 


o the Sine of 6 deg. 3 min. 9.023348 
G3 Whicnw 
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Which 6 deg. 3 min. is the Diftance of thee 
Subftile from the Meridian. 


4. For the Plain’s Difference of Longitude. 


Arch firft found, and the Latitude 

_ of the Place, wz. 20 d. 18 m. 

Is to the Radius yo deg. 10.000C0D, 

So is the Sine of the Subftile’s > | 

Diftance from the Meridian 6 d. 9.023355 
“3 Min: | S Stee 


As the Sine of the Difference of the aie 
5492 55 


f 


Fo the Sine of 1 17 deg. 42 min. 9.483 10D 
Wuicn 17 deg. 42 min. is the Plain’ § Diffe-- 
rence of Longitude, 


If. In North Decliners Reclining. 


In all thefe Plains (as well as in South Recli-- 
ners) four Things muft be found (befides the La-: 
titude of the Place, and the Reclination of thet 
Plain, which are commonly given ) before thee 


Dial can be drawn, and thofe are the fame as im 
South Recliners, wz. : 


1. The Daviaee of the Meridian from sh 


Horizon. 

2. The Height of the Pole (or Stile) above thee 
Plain 
3. The Diftance of the Subftile from the Me-- 
“Skies 


4. The Plain’s Difference of Longitucae. 


Avr thefe may be found by the following Ce. 
wows or Analogies. And for an Example, I] 
fhall make ufe of the North Plain declining; 

Wetterly) 


4 
aN 


* ; 
as 
yah | 
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Wefterly 60 deg. and reclining 54 deg. as 
in the laft Example of North Recliners, 
Part lL. Chap. 25. | 


a. For the Diftance of the Meridian from 
the Horizon. 


As the Radius go deg. 10.00000 


_ Isto the Sine of the Reclination 54d. 9.90795 


So is the Tangent of the Declination. 

iicteg, © ‘ £0.23856 
To the Tangent of 54 deg. 2 10.1465 1 
S29 amin. 5 


: Wuicn 54 deg. 29 min. being taken from 90 
deg. leave 35 deg. 31 min. And that is the 
Dittance of the Meridian from the Horizon. 


| 2, bor the Height of the Pale (or Stile) above 
: the Plain. 


"Tras alfo will require two Operations. 
1. As the Sine of the Declination 60d. 9.93453. 
Is to the Radius go deg. 10.00000 
50 is the Co-fine of the Diftance of D . 
the Meridian from the Horizon 35 C1059 
deg. 31 min. 
- ’ Sirs 
To the Sine of 70 deg. 2 min. 9.97306 
To this Sine of yo deg. 2 min. add the Com- 
plement of the Latitude 38 deg. 28 min. the 
_ Sum will be 108 deg. 30 min. and this Arch 
- (being above 90 deg.) take it from 180 deg. 
fo there. will remain.71 deg. 30 min. 
| 25 15 
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2. AS the Sine of the Arch &rft | 
found 70 deg. 2 min. §Co.Ar. 0.02098 
Is to the Sine of the Reclinagan ; 
54 deg. o min. é 972° 7998 
So is the Sine of the Arch laft found : 
71 deg. 30 min. $ 997695) 
T’o the Sine of 54 deg. 43 min. 9.91185; 


Wuicu 54d. 43 m. isthe Height of the Pole: 
or Stile above the Plain. 

Note, That if the Arch firft found, viz. 90 d.. 
2m. had been juft 90 d. the Plain then had] 
been a polar declining Plain, the Subftile and | 
the Hour of fix being the fame, and. mutt! 
be made by the Precepts delivered in Part L., 
Chapter 23. 


3. For the Diftance of the Subftile and Meridian. 


As the Tangent of the Reclina- ; 
tion wa é Co. Ar. 9.861 26 
Is to the Sine of the Arch firft ; 

found, wz. 54 d. 29 m. ¢ DI195% 

So is the Tangent of the Height of 
the Pole above the Plain 54 iS 10.1502E 
43 min. 

To the Sine of 56 deg. 42 min. 9.92206 

Wuicu §6 deg. 42 m. or rather the Complement 
thereof to 180 d. wiz. 123d. 18m. is the 
Diftance of the Subftile from the Meridian, 
according as you pleafe to account it, either 
From the North, or from the South. 


4. For 


| Arithmetical Dialling. TAY 
4. for the Plain’s Difference of Longitude. 


As the Sine of the Height of the Pole 
above the Plain 54d. 43 m. é 9.91184 


Sees Es) 


Is to the Tangent of the Diftance 
of the Subftile and Meridian ‘10.1825 


56d. 42 m. 
50 is the Radius 90 deg. 10.60000 
° pase 
To the Tangent of 61 d. 48 m. 10,27067 


_ Wuicu 61 deg. 48 min. is the Plain’s Diffe- 

, rence of Longitude counted from the North, 
or the Complement thereof to 180 deg. wiz. 
118 d. 12 m. is the fame Difference of Lon- 
gitude counted from the South. 


$6 ee COG Mes fom ee PSUS SV SENG, EX AD PSII, 
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SECTION VII. 
Of the Hour Diftances upow the Plain. 


H ITHERTO you have ina general, plain 

and eafy Method, (and of all others the moft 
exact) delivered the Manner how to calculate the 
Requifites belonging to all forts of Plains, whe- 
ther Direct, Reclining, Declining, or both. It 
refteth now, to find the true Hour-Diftances one 
from another upon any of thefe Plaizs, and for 
that (for all Dials which have Centers) there is on- 
ly one general Analogy or Proportion, and that is 
this, Having found the Plain’s Difference of Loa- 


kinde ; fay, 
ON . G 5 ? As 


y 
\ 
% 
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As the Radius or Sine of 90 deg. 
Is to the Sine or Height of the Pole or Stile 
above the Plain. 
So is the Tangent of each Hour’s Diftance (up-. 
on the Equinoétial) from the Subftile. 
To the Tangent of the fame Hour’s Diftance: 
upon, the Plain counted from the Subftile. 


Now, (becaufe Examples do more confirm than: 
barely Precepts) I hall. by Precedent or Example. 
make plain all that hitherto hath been delivered, 
and one fhall ferve inftead of many, and that fhall 
be in an upright or ereét declining Plain, (which: 
of a}] Dials are the moft common and ufeful.) Sup- 
pofe therefore, 


In Latitude 52 deg. 40 min. aa erect Plain behold 
ing the South, to decline Weftward 24 deg. 


The Arithmetical Calculation. 


| 
By the Rules delivered in the third SeGion of’ 
thefe Precepts, you hall. find, 


a, The Height of the Pole (or Stile) above the. 
Plain to be. 33 deg. 38- min. 

2, The Diftauce of the Subftile from the Meri-.. 
dian to be 17 deg. 14, min. And, 


3. The Plain’s sullen. of Longitude to be. 
29 deg. 15 min. 


Turse Requifi ites-being thus attained, the next: 
Thing is to find the Hour Diftances upon the. 
Plain, wolah may be done. by the laft foregoing. 
Analogy 

Bur 


i) 
fees 
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But firft, you are to confider the Quantity of 
the Plain’s Difference of Longitude, which here 
in this Example, is found to be 29 deg. 15 min. 
And becaufe every Hour’s Diftance upon the E- 
quinoctial is 15 deg. diftance from the Szbfile, 
or Meridian of the Plaiz; fo 2 Hours is 30 deg. 
Diftance, and 3 Hours is 45 deg. Diftance: This 
Plain’s Difference of Longitude being above 15 d. 
(which is one Hour’s Diftance) and lefs than 30> 
deg. (which is two Hours Diftance) the Subftile 
(the Plu declining Wefterly) muft needs fall be- 
tween the Hours of 1 and 2 in the Afternoon. 
Wherefore fubtra& 15 deg. (1 Hour’s Diftance) 
from 29 deg: 15 min. and there will remain 14d. 
15 min. the Equinogtial Diftance of 4:a Clock 
from the Sub/idle. Alfo from 30° deg. (which is. 
two Hour’s Diftance) fubtra& 29 deg. 15 min. and. 
the Remainder will be oo deg. 45 min. for the E-- 
quinoétial Diftance of 2 a Clock from the Sub-. 
flile.. Having found the two Equino@ial Diftan-. 
ces of the two next Hour-lines, on either fide of 
the Swb/ile (as of 1 and 2) the reftare.eafily found ; 
by the continual Addition of 15 deg. and fo is. - 
the Column of the Equinoétial Diftances in the. 
following Table made... Being thus prepared, the - 
true Hour-diftances from: the Sabfizle upon the 
Plain, may be eafily attained by the foregoing A-- 
nalogy. I will inftance in one Hour’s Diftance 
for all, and give you the reftina Table: As, 


Let it be required to find. the Diftauce of one 
a.Clock.uponthe Plain from the Subfiile, fay. 


AS. 
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As the Sine of 90 deg. 10.00000 
Is to the Sine of the Height of the 
Stile 33 deg. 38 min. 9:7434E © 
So is the Tangent of the Equinoétial 0498) 
Dift. of 1a Clock, wz. 14 d. vamnie) at. 
To the Tangent of 8d. o min. 9.14819 
Wuicn 8d. om. is the Diftance of the 1 a Clock. 
Hour-line upon the Plain from the Subftile. And 
in the fame manner you may find the Diftance: 
of 2 a Clock to be od. 25m. Of 3a Clock. 
3d.53m. Of 4a Clock 18d.14 m. and fo: 
the reft, as in the following Table for every’ 
whole Hour. And if you defire halfs and quarters | 
of Hours, you muft infert them in the Column 
of Equino@ial Diftances, aliowing 7 d. 30m. 
for half an Hour, and 3 d. 45 m. for a quarter, . 
and fo r5 d. for a whole Hour. 


Equinodtial/T rue Hour 
Hours} Diftances | Diftances 

deg. min.jdeg. min. 
Vl |8> 5/88 «394 


es os 15163 1 

. 9 15142 7 

XI i 15/28 34 

XII 29 15)17 14 | 

A: 14 15} 8 © 

Subftil. lf TA bore 5, Subftil. | 

net 15 451 8 53 

LV 30 45118 14 

V 45 45|29 

VI j60 4514.4 HI 


Tuus 
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Tus have you the Arithmetical Calculation of 
the whole Dial; it now remains to thew how 
thefe Hour-lines are to be transferred from the 
Table to the Dial-plain, which is to be done as 
followeth. 


The Geometrical Projection. 


firft, (Upon your Dial-plain) draw an Horj- 
zontal-line A_B, and perpendicular thereunto an- 
other Line C D, for the Meridian and Hour line 
Of 12. 

Secondly, Take 6o deg. out of your Line of 
Chords, and fetting one Foot in C, with the other 
def{cribe the Semicircle E F G. 

Thirdly, Becaufe the Di- | 
{tance of the Subftile from — Sourh Decking 
the Meridian was found to Weft 244. Lat, 52 
be 17 deg. 14 min. Take deg. 40 min. Plate 
17 deg. 14 min. from your 6. Fig. 5. 

Line of Chords, and fet ; 
them upon the Semicircle from F to H, and draw 
the Line C H for the Subftile. 

Fourthly, he Height of the Stile being 33 d. 
38 m. fet that Diftance upon the Semicircle from 
H to K, and draw the Line C K for the Stile. 

Fifthly, (Having Recourfe to your Table) take 
18 deg. 39 min. out of your Line of Chords, and 
fet them uponsthe Semicircle from H to 8, and 
draw the Line C 8 for the Hour-line of 8 of the 
Clock. | 


Laft ly, 
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for the Hour-lines. 


I 

57 

1} and fet the 
olthe Semi- 
5 circle up- 
534 0n the 
7|H, to. 


14| fame upon 
14.| Plain from 


2 
2 
4 
re 
22 


deg. min. 
63 
42 
8 
18 
29 
44 41 


13 
17 
from| 8 


E 


fs 6 


Laftly 
your Line-o 
Chords, take 


Tus is your Dial finifhed, only the Stile, whichi 
mutt be fet to hang perpendicularly over the S#d-- 
ftile, making an Angle at the Center of the Plaina 
33d. 38m. equal to the Height of the Stile. . : 


AND thus have you an Abftract of the whol 
Art of Dialling, after the moft exa& and com-- 
pendious Way of Performance ; others may ber 
more expeditious, but none more exact. 


SUE C Tre 


Awe 


‘Arithmetical Dialling: 147 


RELLLLRREDERE ESOS $e 


SECTION IX. 


pv will be to little Purpofe to be thus curious in 

finding of the true Pofitions of the Meridian, 
tile, Subftile and. Hour-diftances in all Plains, as 
n the foregoing Precepts is delivered, unlefs alfo 
ve be as fevere or ftriét in finding of the Site or 
Pofition of the Plaiz, upon which the Dial is to be 
nade. For what will it fignify to make the Dial 
rue, and place it ina wrong Pofition? You are 
n the Geometrical Part of this Book taught how 
o find the Declination of any Platz, and for the. 
inding of it, to attain the true Azimuth of the 
sun is the chief Ingredient, and how to perform. 
hat Geometrically, is there taught two Ways. 
aut that the like Exaétnefs may be in the Perfor- 
mance of this alfo, I fhall in this Place (before I 
nd) exhibit the manner of finding the Sun’s Azi-. 
puth at any ‘T’ime, and in.any Place by Arithmes 
ical Calculation. 


Example, In the Latitude of 51 deg. 32min. 
the Sun having 17 deg. 56min. of North De-. 
clination, and his Altitude 35 deg. Let itbe 
required to find his. Azimuth. 


Firft, Add the Complement of: the Latitude, | 
he Complement of the Declination, and the Com- 
Jement of the Sun’s Altitude all into one Sum, | 
nd take the half thereof, from whicly half Sum . 
ubtract the Complement of the Declination, and 
ote the Difference as here is done, 


2... deg. 


ee 
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ee deg. min. deg. min. 
Latitud® 51 320 33 28 
Declination 17. 56 $Complement< 72 o4 


Altitude 35 0d 55 00 
Sum 165 32 


halfSum 82 46— 


The Difference between the half Sum 5 it 
and the Compl. of the Declination. 4 


® 


Then will the Proportion be. 


(1.) As the Radius 90 deg. 1¢.000000 


>} OTS EES EP 


Is to the Co-fine of the Altitude - 2a 


So is the Co-fine of the Latitude - 
- 38deg 28min. b 9-79383% 


a err 
To the Sine of 30 deg. 38 min. 9.7071 90 
(2.) As the Sine of 30 deg. 38 min. 9.707199 
Is to the Sine of the half Sum ck 
82d. 46m. é 9-996 533 

So is the Sine of the Difference 68408 
10 deg. 42 min, é 9:29 O 785 
19.265265 

To this Sine 9.558097 
To which add the Radius or Size 
of 90deg. g Toor 


. et ell 
The Sum is 19.558077 
The half Sum 9.77903 

WHict 
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~ Wuicn is the Sine of 36 deg. 58 min. the Com- 
plement whereof is 53 deg, 2 min. and that 
doubled is 106 deg. 4 min. which is the Sun’s 
Azimuth from the North Part of the Meridian, 
which if you take from 180 deg. there will re- 
main 73 deg. §6 min. which is the Azimuth 
from the South. And thus may you find the Sun’s 
Azimuth more exa&tly at any Time: Or more ex- 
peditioufly thus, 


OPERA TION. 


deg. min. deg. min. 
Co-Alt, 55. 00 Co-decli. 72 Of 
Co-Lat. 38 28 : 
eemmies Half 36 o2 
Difference 16 32 3 ~-and 08 16 
é Half 08 16 
| Sum 44 13. 
Diff. o9 46 
deg. min. : 
Sine 55 co Co-Ar. 6.086636 
Sine 38 28 Co-Ar. ©.206168 
Sine 44 18 9.844114. 
Sine 27 46 9.568266 


Sum 19.805 184 
Half is Sine 53d. 2m. 9.902592 


Doubled is ro6 d. 4m. the Sun’s Azimuth 
from the North, as before. : 


A 


SUPPLEMENT 


TO : 
Geometrical DraLiine, &c, 
PLUGS CBE | 


CGH: A.Rod 
OF ges Circles of the Sphere, as are defcribed up 


o2 Sun-dialse 


aa A.N Y Aftronomical Conclufions may - 
Gi be performed by defcribing the Circles 
i) of the Sphere upon the: Dzal-plazas ; 
of which I have here made Choice of - 
thefe following : | 

1. THe Parallels of the Szgus, fhewing what. 
part of the Zodiack the Sun is in at all Times of 
the Year. | 


2. THE 


hoy ya 
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2. The Diarzal Arches, fhewing the Length of 
he Day and Night throughout the Year. 
3. The Hours from the Sax’s Rifing, or Setting 3 
or the Babylouifh or Italian Hours. 

4. Uhe Unequal, Sewifh, or Planetary Hours. 
| 5. The Azimuths, or Vertical Circkes, thewing 
in what Quarter of the World, or upon what 
Point of the Mariner’s Compa/s, the Sun is at all 
Pimes of the Day. | 
| 6. The Almicanter, or Circles of Altitude ; 
whereby the Proportion of Shadows to their Ob- 
jects, or the Sun’s Height may be known. 
Of thefe fome are great Circles of the Sphere, 
others fmall : The great Circles in all Plains are’ 
eprefented by ftrait Lines, as the Hour-lines them~ 
elves are: The leffer Circles are defcribed by Co-. 
nick Sections ; and they are either Parabolas, Hy~ 
berbalas, or Ellipfes: Only the Parallels of the: 
Digns, and the Diurnal Arches in Polar Dials, and 
the Parallels of Altitude in’ Horizontal Dials, are: 
perfect Circles. 


q * 
3 ‘ ane; Re M585 <te, 
PKR) x5. Pos. LN) Softod Bea? iG) is So) 
i XO eats? Ca LS O°, AG ae 
re S} 4 : boa | , & Z v 


CHAP. - IL 


Tow to defcribe the Atgquinodial, the two Tropicks, 
and other intermediate Parallels of Declination, 


upon any Dial-plain. 


'HE two Zropicks being the Boundaries of 
the Sun’s Courfe, (for he never exceeds 
thofe Linmits,) I count it beft, firft to fhew how 
hey may be defcribed ; for that ‘between them: 
al] other Circles (either great or fmall) muft be 
| pro- 
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projected, and the manner of defcribing them up- | 
on feveral Plaims is various. | 

In a Polar- Dial they are perfect Circles, and fo 
are eafily defcribed by Circles drawn about the 
Foot of the perpendicular Stile; in all other Plains. 
they are Sections of a Coxe. 


I. ila the EquinoGial axd dired& Eaft or Weft 
Dials. Plate 9. 


Let an Example be of a dire&t Eaft Dial, in 
the Latitude of 51 d. 32 m. 

How to defcribe the Hour-lines upon thefe 
Plains, is fhewed in the 6th Chapter of this Book. 
Wherefore fuch a Dial being drawn as in Figure 
I, through the Foot of the Perpendicular Stile at E, 
draw a right Line M,E,N, parallel to the Horizon; 
for the Horizontal Line in all Plains muft be 
drawn through the Foot of the Perpendicular Stile, 
and alfo through the Point where the Equixoctial 
Circle crofieth the Hour-line of Six. Your Dial, 
with the Equinoétial Line thereof H, E, S, being 
' drawn, come we to defcribe the Tropicks : To ef- 
fect which, 3 7 

Firft, Upon a Piece. of fine Card-Paft-board, 
draw aright Line O R, as in Figure II. repre- 
fenting the EquinoSial Lines in your Dial ; and 
(becaufe the Zropicks are 23 deg. 30 min. diftant 
from the Equinoétial) with 60 deg. of your 
Chords, upon the Point O, defcribe an Arch of 
a Circle, and upon it fet 23 deg. 30 min. from 
R to S, and draw the Line O S, reprefen- f 
ting the two Tropicks; and this Angle S, O, R, I _ 
call a Trigon. 

Secondly, Out of your Dial take the Length of — 
the Perpendicular StileE G, and fet it upon a 4 

ti- 1G 
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_Trigon from O to P, and draw the Line P 6 per- 
- pendicularto OO R: Alfo, 


Take the Diftance from G, to the Interfec. 
tion of the Hour-line of 


7 )with the Equi- q CHI y 
8/ nogtial, and fet\r 7 294 \;. 8 Pespen- 


9 >them upon thes oon $9 dicular 
10\ Trigon from O 0: ro. toOR, 


ot 


II \to 


ve) 


HAVING thus prepared the Trigon, out of it 
take the Diftance P 6, and fet it upon the 6 a 
Clock Hour-line from E to c: ——- Alfo take the 
Diftance ¢ 7, and fet it upon your Platz from V to 
4, and from VII tod: — Alfo take rs, and fet it 
on your Pla from IV to a, and from VIII to e- 
— Likewife take the Diftance 5 9, and fet it upon 
your Pla from IX tof: Alfo take the Dif- 
tance 10 7, and fet it from X tog: Laftly, take 
v 11, and fet it on the Plaiz from XI to b. 

TuEsE Points a, 4, c, d, e, f, £4, are the Poiuts 
through which the Tropick of Cazcer muft be de- 
{cribed; wherefore, if through them a Line be 
drawn with an even Hand » making no Angles, 
that fhall be the Tropick of Cancer. 

Tue Tropick of Capricorn may be defcribed in 
the fame manner, if for your Trigon youtake 


The 8 y, And fet it up- ae : 
Diftance - t PI, fa a Pt ox hg fe 
; rr ~~? lain from XI Z 


-Thofe hall be the Points through which the Tro- 
‘Pick of Capricorn mutt be defcribed ; wherefore if 
‘ Bo through 


5 54 Geometrical Dialling. 4 | 


through kim, a Line be drawn with an even 
Hand, it fhall reprefent the Tropick of Capricorn. — 


AnpD whereas I faid before, that the two Tro-. 
picks are the Boundaries of the Sun’s Courfe, 
you are tonote, That : a 


When the Sun is in 


Capricorn, whieh Dec. 11.7}the Shadow of the: 
Aries, = Mar. 10.C top of the S¢tz/e will! 
Libra, Sept. 12.€ pafs along thofe re-» 
C about foeGtive Lj 

ancer, June 11. {pective Lines. 


AnD according to this Method may any other: 
intermediate Parallels of Declination be inferted ;; 
as for Example, Suppofe I would infert the Paral-- 
lels of the Sun’s Entrance into the 12 Sigws, A-- 
ries and Libra are inferted already, alfo Cazcer and | 
Capricorn; for the reft, as when the Sun enters into | 


Taurus, ) 
Virgo, the Sun hath 13 | 
Scorpio, deg. 30 min. 
Pifces, of Declination. 
Gemini, GE 
Leo, the Sun_ hath : 
Sagittarius, 20 deg. 12m. 3 
Aquarius. 4. 

ay 


WHEREFORE take 11 deg. 30 min. and 20 deg. . 
t2min. out of your Line of Chords, and fet: 
them upon the Arch RS of your Trigon, from) 
Rto V and X, and draw the two Lines O U™ 
and O X. H 
Tee 


is 
% 
. 
at 
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} _ Tuese Parallels being thus put into your Tri- 
gon, they may be transferred into the Dial-plain, 


in al! ref{peéts, as the Tropicks were; and as you 
fee done in the Figure I. 


IL. In a dire& North or South Dery. Plate 9. Fig. 3. 


Havine drawn your Dial, as is taught in Chap- - 
ter V. together with the Stile, your firft Work 
mutt be to proportion your Stile to your Plain; 
Which to do, affume any convenient Point in ‘the 
Subftile (here the Line of XIi.) for the farthermoft 
Tropick, as here the Point % ; then the Stile’s 
Height being 38 deg. 28 min. add 23 deg. 30 1n, 
thereto, the Sum is 61 d. 58m. and that is the Me- 
ridian Altitude of the Sun when he enters Cancer 
and the Complement'thereof 28 deg. 2 m. where 
fore, upon the Point Cancer, make an Angle B'g 
A to contain 28 deg. 2 min. fo fhall the Line ¢& 
A cut the Axis of the Sti/e O A, inA ; then from 
A let fall.a perpendicular to O %, as AB; and 
fo is your Stile proportioned to your Plain’; and 
the Line CBD, (being drawn parallel to the Ho- 
rizon, through the Point B) thall be the Horizon- 
tal-line of the Plazz. : 

Tis done, prepare a Trigon, as F igure IV, 
in which make EF equal to O B, and E G, toA 
B, the Triangle E FG in the Trigon, equal to 
he T'riangle of the Stile O A Bin the Dial 
_ From the Point E draw a perpendicular to E F, 
is E 12, for the Equino@ial: and upon E, with 
50 deg. of your Chord defcribe an Arch H 14 L, 
ind upon it fet.23 deg. 30min. from7z2 to H 
ind L, drawing the Line E H for the Tropick of . 
saucer, and E L for the Tropick of Capricora. 


Draw 
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Draw the Szb/ilar Line F G quite througth 
the Trigon, croffing the Equinodtial in 2, and botth 
the Tropicks. 

Tus done, out of your Trigon take the Dit 
tance from F to a, and fet it upon the Dzal-platin 
from the Center O to ¢, through which Point «< 
draw the right Line Voc for the Equinodtial : 
Then from O, the Center of your Dial, take the: 
Diftance to the Inter{ection of the Hour-line of 111 
or.1 with the Equino@ial, and fet that Diftance 
upon the Trigon from F to 4: —— Alfo take tha 
Diftance from O, to the Interfection of the Hourr. 
line of 10 or 2, and fet itfromF to ¢: —— 
Likewife the Diftance from O, to the Interfeation 
of the Hour-line of 9 or 3, fet from F to d:-———- 
And laftly, the Diftance from O to the Interfecs 
tion of 8 or 4, with the Equinoétial, fet from EH 
to e; and draw the Lines F a, F 6, Fc, F d, il 
ca through the Trigon, marking them with 12, 181 
10, 9, 8, and 1, 2, 3, 4, &s¢. 

Now to find the Points upon the Plain, thee 
which the Tropicks mutt pafs ; 


| 


The Diftance from F to 


12 will reach 

r1( from O, \ © fonthe\ 12 

10 Pthe Center fi Hour-¢ 114 
9 \ of the Dial ) & \ line of ) 10 
8“ to a \ 9 


won» 


Through which Points the Tropick of Cancer 
mutt se drawn with an even Hand, And, 


Thé 
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The Diftance from F to 


12 will reachc vp I2 12 
x (fromO,the }é f upon the \izr 
2 Center of </ SHour-lines Io 2 
3 \the Dial, JAm\of 9 3 
4 7to Ww? 8 4 


Through which Points the Tropick of Capricorn 
muft be drawn. And thus have you the Eguioc- 
tial, and the two Tropicks defcribed upon a dire& 
South Plain. 


II. Heb to deferibe the Equinodtial, and the two 
Tropicks into any upright declining Plain; or 


into fach as both Recline and Decline. 


Our Example thal! be in an Upright Plain, de- 
clining from the South Weftward 30°deg,. The . 
making of thefe Dials is taught in the 7th and 8th 
Chapters of this Book : Wherefore, having drawn 
fuch a Dial, with the Stile and Subfiile in a due 
Pofition, you hall find the Height of the Stile to 
be 32 deg. 36min. 

Firft, Make an Horizontal Dial for the Latitude 
of 32 deg. 36 min. asin the Declining Dial, Fig. 5. 
where the Subftilar-line is taken for the Hour-line 
oF 12, as itis there marked, and the other pricked 
Lines, and the Hour-lines of an Horizontal Dial 
or the Latitude of 3, deg. 36 min. Now if ac- 
-Ording to the Diretions of the foregoing Seétion, 
you make a Trigow, and infert the Equinocial and 
Tropicks ; and afterwards expunge the obfcure 
uines of the Horizontal Dial, the Equinocial, 
[ropicks, and Horizontal Line willbe the fame, as 
f they had been inferted from the Hour-lines be- 
Onging to the Plain, 
a Hy AND 


. - 4.” 2 
% 
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Anp as the Zropicks were defcribed, fo likewife: 
may the Parallels of the Sun’s Entrance into) 
the other Signs, be inferted, if into your Tri-- 
gon you put the Arches of their Declinations: 
from the Equino¢tial, namely, 11 deg. 30 min.. 
and Zo deg. 12 min. And foare the Parallels: 
of the Signs put into this Dial, Plate 10. Fig 5. 

Awnp inany Dial alfo may the Diarzal Arches be: 
defcribed, if you put into the Trigon fuch De-- 
clinations, as the Sun hath from the Equinoc-- 
tial, when the Day is either 


: deg. min 
“3 To 23 30 
2 oe Hours ¢ 7) ce 
9 > or > >Nto0n roe 
10 14 oe 3) LIS 7 
it 13 5 55 
12 127” oOo oO 


And fo are the Diwrzal Arches put into the South} 
Plain, reprefented by the pricked Lines there, im 
Fig. 3. and the Trigon thereunto belonging. Fig.. 
4. both in Plate 9. | 


LRT ESD 


Ouhi- As? * TER 


How the Honr-lines from the Sun’s Rifing and Set- 
sing are to be infcribed into all forts of Dial -plains. 


_ "THE Hour-lines from Sun-rifing are called the: 
: Babylonifo Hours, for that they begin their 
_ Day at the Sun’s Rifing ; and the Hours from 
. Suns 
A 
‘Soy 
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Sun-fetting are called the Italian Flours, for that 
| they count their Time from the Setting of the Sun 
| the Day preceding. 

-. Tue Manner how to inferibe thefe Hours, is 
the fame in all Plaizs, and is eafily performed : 
And becaufe that upon a full South, or Horizontal 
Plain, they will appear moft uniform; I have 
therefore made Choice of a direst South Dial, as 
is Fig. 3. Plate 9. to infcribe them - 

Your Diyal being drawn, and the Equinogtial y 
&, and the two TZropicks @& @, and vp ve, and the 
florizoutal Line, Sun rife, Su fet; you mutt (by 


Hours long, ask 16 *: The Equinoctial being 
he Parallel when the Day is 12 Hours long. , 


t 8 in the Morning ; and the firt Line after the — 
un’s Rifing is 9 in the Morning :~— Alfo when ° 

Day is 12 Hours long, the Sun rifes at 6 in 
€ Morning, and the firft Hour after js 7 in the 
orning ; Lafily, When the Day is 16 
Ours long, the Sun rifes at 4 in the Morning, 
nd the next Hour after is 5 ip the Morning ;——.. - 
nd all the reft as in the following Table. 


He _ Lengrb 
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Length of the Day. 
Vill | Xl | XVI 


I 9 7 5 

ex lI 10 8 6 

= Hi II 9 7 
SIV 12 10 8 
SV I II 9 
2M 2 12 10 
S VII 3 I II 
SVIII 4 2 12 
S 1X 5 3 I 
& X 6 a als 
Xd 7 5 3 


WueErrore a ftrait Line drawn through thee 
Interfections of thefe Hour-lines, with the Paral- 
lels of 8, 12, and 16 Hours, fhall be the firftt 
Hour after the Sun-rifing all the Year long. 

In like manner, if you would infert the 7th) 
Hour after the Szv-Rifing: _ By the Table you fees 
that in the Parallel of VIII Hours for the Length) 
of the Day, the feventh Hour from Sun-rifing 18s 
3 in the Afternoon; therefore obferve where thes 
Hour-line of 3 croffeth the Parallel of VIII Hours,, 
which is at 4. Alfo by the Table you fee thatt 
in the Parallel of XII Hours, for the Length off 
the Day, the feventh Hour from Sxa-rifing is 1 im 
the Afternoon; wherefore obferve where the Hout=: 
line of 1 croffeth the Eguinoctzal, which is at 0.— 
Thirdly, By the Table you fee, that in the Paral- 
lel of XVI Hours for the Length of the Day, the 
feventh Hour from the Sun’s rifing is rz in the 
Forenoon ; and therefore obferve where the Hour-' 
line of XI croffeth the Parallel of XVI Hours for 
the Length of the Day, which is atc; fo hall 
rig t 


at 
ri 


. ar a 
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Tight Line, drawn through thefe three Pojnts a, 
9, ¢, be the feventh Hour after the Sun’s Rifing 
throughout the Year: And thus by the Help of 
this litle Table, may all the Hour-lines from the 
Sun’s Rifing be drawn as you fee them drawn and 
humbred, as in Fig. 3. Plate 9. 

In the fame Manner, as the Hours from the 
Sun’s Rifing (which are the Babylon fe Hours) were 
drawn, may the Hours from the Sun’s fetting, 
which are the Italia Hours) be drawn: The Dif 
erence being only in numbering of them; the 
Hours from Sun rifing being numbered from the 
Weft End of the Horizontal Lume, by. ¥, 2, 8. Ae 
5, 6, 7, 8,9, 10: And the Hours from Sun fetting 
gem the Eaft. End. of) the Horizonzal- line back- 
wards, by 23,22, 21, 20,19, 18, 17, 16, 15, 14, 
13; all which is evident in the fore-named Fig, 3,: 


COROLLARY. 


_ Tue Hour-lines from Sun rifing and Sun fet. 
ing being defcribed upon any Dial-plaiz, as is be» 
Ore taught; there will by their correfpondent In- 
erfections one with another, be points produced, 
hrough which if Lines be drawn with an even. 
dand, the fame fhall be the Parallels of the Length 
tf the Day, and fuch are the pricked Lines in Fig. 
> Numbred upon the Meridian-line of the Date 
8; 95. 10, 11, 2, 13,04, ¥5. 0: 


H 3 CH. APs, 
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e Rd & & ka g 
SEBEL GERRS BE we 
EOS ES &, OOS OE OEE PA Pat) Wes JF 

CH AP aia, 


Of the Jewith, or Old Unequal, or Planetary 
hours, azd how they may be infcribed upon anyy 
Dial- plain. 


4 HE Ancients Account of their Day, wass 
from the Sun’s Rifing in the Morning, till ites 
fetting in the Evening, which Space of Time theyy 
did divide into 12 equal Parts, were it long opr 
fhort: So that in the Summer all that Time  thaat 
the Sun hath North Declination, the Hours of theitr 
Day were longer than a common equal four |; 
and in the Winter, when the Sun hath South Dez 
clination, the Hours of their Day were fhorter thann 
acommon Hour; but when the Sun is in the By 
guinoctial, their Hours are equal to our common 
Hours. 

Tue Infcription of thefe Howr-lizes into all! 
forts of Plains, is very eafy, being much like thee 
Infcription of the Italian and Babylonifa Hourss 
taught in the laft Chapter. 


Havinet 
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Tbe (The Parallel] Equi- [Ine Parallel 
Jewith jof 15 Hours.lno&tiallof 9 Hours. 
Hours.|ho.  min| (Ho. Min. 
I 5 See a ote 15 
If 7 of BT Oo 
Hf 8 re Pg 45| 
[V 9 Oy OX re Pai, 
V 10 45, 11 IrX T5 
VI 12 Or 12s ee O 
VU [ 15 ee ae, 45 
Vill 2 ZOh se | 30 
[xX 3 4.5 ea ee PSipe 
xX 5 oF Fae 4. 3 O 
XI 6 ES Bea 45 
XII 9 20 G4 30 


Havine drawn your Dial with Hours, Eats, 
and Quarters; and alfo the Equinodial, the two 
Tropicks and Horizontal Line; and alfo the Paral 
lels of the Length of the Day, as is done in ‘fig. 
6. Plate 10. which is a South Dial declining Eaft- 
ward rs deg. you muft make Choice of two Pa- 
rallels of the Length of the Day, which mutt both 
of them be equidiftant from the Equinotial, 
which let be the Parallels of 9 Hours, and 1g 
Hours, for thofe two Parallels are mott convenient 
for this Purpofe; becaufe the Fewifo Hours in 
hofe Parallels will juftly-fall upon the even Hoxrs, 
lalfs, or Quarters: Now the Points thro” which: 
he Few/h Hours are to be drawn, this Table will. 
iret to; wherein you fee, that the firft Fewihy 
dour is to be drawn through 5 Hours, 45 min. in: 
he Parallel of 15 Howrs, through 7 in the Equi-- 
loctial, and through 8 Hours and 15 min. the Pa- 
4 H. 4. rallel: 


oak 
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rallel of 9 Hours. ———— In like manner the fecone 
Sewife Hour mutt be drawn through the Interfecc 
tion of the 7 “Hours in the Parallel of 15 Hourss 
through 8 in the Equinoétial, and through 9in the 
Parallel of 9 Hours: And fo muft all the reft op 
them be defcribed as the Table does dire&, and a: 
you fee donerin Fig, 5. And in this Manner, by; 
help of this Table, may they be deferibed in all fortes 
of Plaims, whether Direct, Reclining or Declining... 
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low the Azimuths or Vertical Circles are to be in-- 
| fcribed upon Dial-plains. 


‘J’ HE Azimuths are great Circles, and _beingg 
“projected upon all Plains, become ftrait Lines |; 
and they are varioufly defcribed, according as thee 


Plain is fitawated. Particulars of which follow: | 
4 


VOOIGCSSESSISS s SH GGs Hay 


SE CaP Oa 
Ox an Horizoutal Plain. 


N thefe Plains the Azimuths are moft eafily in-- 
~ ferted: For, your Dial being drawn, with thee 
Lropicks and Eguinodtial thereupon, you have noo 
more to do, than upon the Foot of the Perpendi-- 
cular Stile at O (in Fig. 7.) asa Center, to de-- 
icribe a Circle, as Sg No, which you may a 

) | vides 


we 


vide into 32 equal Points (beginning at N): an- 
fwering to the 32 Points of the Mariner's Com-- 


pafs, (or elfe you may divide it into 90 equal Parts 
er Degrees) noted with -+k +k *K, és’. and thro” 
thofe Points draw ftrait Lines from O, the Foot 


of the perpendicular Stile, and they fhall. be the. 


true Azimuths upon: the Horizontal Plain; which. 
you may denominate by South, Sby E, SS £,8 


£ by S, &c. as you fee done in Fig. 7. Plate 10. 
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Upon an Ered, Dire& Eat or Wet Plain,. 
Plate 9. Figure 1. 


H AVING made an Eaft Dial, and therem: 


inferted the Equino@ial, the two Tropicks,. 


and the Horizontal-line, you may proceed. to the 
Infcription of the Azimuths in the. manner fol-- 
lowing. | 


Upon the Point E, of the Horizoutal-live of the’ 


Plain M, E, N, ereét the Perpendicular E Q, equal: 
to EG, (the Height of the Stile of your Dial). 
and upon Q, asa Center, defcribe the Quadrant 
QEL, and divide it into 8 equal Parts, reprefen-. 
ting one Quarter of the Mariner’s Compats, and: 
from Q, through thofe Points, draw Lines to the 
Horizortal-line M, E, N, noting them with © © 
© © © ©; from which Points let fall Perpen-. 
diculars from the Horizontal-lize, and they fhall be. 
the Azimuths between the South and the Eaft :— 
And for thofe Points which fall between the Eaft, 
and the North; namely, Eby N, ——=_ ENE,. 
——N E by N,—— the fame Diftances being fer 
Bey F.5: upon. 
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upon the Horzzoutal Line from E, towards the lefet 
Hand, as the three firft Azimuths, E by §, —o_-. 
ESH,——SE by E, were towards the Rightt 
Hand, fhall give the three Points © © © on thee 
Left Hand of E; through which Points alfo Liness 
drawn perpendicular to the Horizon, fhall be thee 
Azimuth or Points of the Compafs between thee 
Faft and the North : As in Fig. 1.. And as thes 
Faft Dial contains the Azimuths between thee 
South and the Eaft: The Weft Dial muft contains 
thofe between the South and the Weft, 


shee Stee dy ee et 


SBC TO IN SEs 
| Upon a Direct South upright Plain. Plateg. Fig. 3... 


"THE Dial, with the Equino&ial, the two Tro~~ 
* picks, and the Horizontal Line defcribed there-! 
on, the Azimuth may be inferted thereon as fol-+ 
loweth : : 
firft, Vake the Length of the perpendicular’ 
Stile of your Dial AB, and fet it upon the Me=* 
ridian of your Dial from B to. G. 

Secondly, With the Diftance G B, upon G des. 
feribe the Semicircle E B F, which divide into 16° 
equal Parts, (if you will) but I have here divided 
it but into 8, to fhew the manner of the Work, , 
in. the Points *** *; yc. through which Points 
from G,, draw obf{cure Lines, extending thein till 
they touch the Horizontal Line of the Plaiz C Be 
D.; now if from thefe Points of touching, you. 
draw Lines perpendicular to the Horizontal-line 
between the Tropicks, or parallel to the Line of 
%2, they fhall.be the Azimuths required, 

, . Ihave: 
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T have not drawn the Lines themfelves in. 
this Fig. 3. becaufe the Plain is full-e-- 
nough of Lines already. 


BREE Th Bhd diddih dR dh ddrddah diddy 


SECTION Iv. 
 Upen a South Decliving Plain. Plate 10. F ig. 67. 


AN Example fhall be of a South Plain,. declin-- 
* ing Eaftward 15 deg. 

SucH a Dial being drawn, and the Eguinodtial : 
Eropicks, and the Horizontal Line inferibed there=. 
on: Upon. the Point B of. the Horizontal Line ex. 
rect the Perpendicular BC, equal to B O, the pers 
pendicular Stile of your Dial 3. upon which point: 
C defcribe the Semicircle RBS ; which done, lay: 


line of 12 croffeth the Horizoztal Line, and where. . 
the Ruler cuts the Semicircle R BS, at that Point. 
begin to divide it into 16 equal parts, at the Points. 
w**, yc. and from the Center C draw Lines. 
through thefe Points, extending them till they 
touch the Horizontal Line D E inthe Points 2éc- 
defgbikand /; through thefe Points right Lines 
being drawn parallel to the Meridian, fhall be the 
Azimuths defired, which you muft number accord- 
ing to the Situation of the Plain: Namely, the: 
Weftern Azimuths on the Eaft Side of the Meri-- 
dian, and the Eaft Azimuths on the Welt Side of 
he Meridian, as you fee them numbred in Fig. 6. 
Paate. 10, . | 


| gy 
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a Ruler to C, and the point ©, where the Hour- 
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ddow to infcribe the Circles of the Sun's Altitude ints 
Dial-plains. 


vw 


HE. Almicanters, or Circles of Altitude, ir 

the Sphere, have the fame Habitude to the A-- 
Ssitouths, or Vertical Circles, as the Parallels obi 
Declination have to the Meridians, or Hour-cir: 
cles: And therefore, the Equinottial it felf, andd 
all the Parallels of Declination in a Polar-plains 
are perfect. Circles, and fo are the Almicanters ov 
Circles of Altitude upon.an Horizoutal Plain, as 
in Plate 19. Fig. 7 

Horizontal Plaine, which lie parallel to the Ho 
rizon, have the Zenith for their Poles ; fo that fori 
‘the Infcription of them upon thefe ‘Plains, thes 
Foot of the perpendicular Stile muft be the Center 
wpon which to defcribe them. 

For the Numeration of thefe Circles, whem 
they are defcribed, there are two Ways ‘moft im 
Wie: Theone by Degrees and Minutes of thee 
Sun’s Altitude ; the other according to the Pro- 
portion that the Height of any upright Obje& (asi 
. Houfe, Steeple, €5’¢.) bears to the Shadow of 

: The laft of which Ihave here followed in this: 
Figure 7. where the Circles of Altitude are equal, 
double, triple, and quadruple to the Altitude of: 

the perpendicular Stile. 
a ke Infcription of thefe Circles into all other: 
Plaivs, are, ina kind, the fame with the Infcrip= 
tion of the Parallels of Declination: Only, wheres 
as: 


: ~ Geometrical 
Ps in infcribing of the TZ; ropicks, and other Paral- 
_ #els of Declination, you take the Hozr-lines out 
_ Of the Dial-plaiz, and put them intoa Trigon; fo 
in the Infcription of thefe you mutt take the Avi- 
muth Circles out of your Plaim, and put them in-. 
to a Trigon,. and from thence transfer them back 
again to your Plaiz, as in the other: And as the 
Lfour-lines in the other mutt be firft drawn upon 
the Plain; fo in this muft the Azimuths be firft in= 


{cribed: And becaufe thefe Circles of Altitude are : 


Amnaller Circles of the Sphere 
#arallels. of Declination wer 
“Plaiws (the Horizontal exce 
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A general and eafy Way to project Hour-lines “por 
all kind-of Superfictes, without any Regard had to 
their franding, either 1n Refbedct-of Declination, 
Recliation or Inclination. 


[ F’a Point be affigned upon any Superficies, flat; 
Or curved, one or more, wherein the Hour- 


fives and Axis fhall concur; how: to proje&.the: 


Hours to that Point, and to fet up an Axis after 
the ordinary Manner, to give Shadow to them, 
without any Knowledge how the Dia! ftandeth in 
re{pect-either of Reclination, Declination, or In- 
clination. 

firft, To the Poiwe affigned (upon any Side of 
it) by the help of a Semicircle, or other Level,;: 
ftretch out an Horizontal Thread, ferving for the 
: Horizon- 
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Horizontal-line; which Line need not be one finglé 
Line, but may be turned at one or more Anglesi, 
provided that it lie (all the parts of it) totally in thee 
Superficies of the Horizon. — 3 

Secondly, With a perpendicular Thread held up», 
project the Sun upon the affigned Point, and in+ 
to the Horizontal Thread, and ftick in a Pin, om 
make a Mark upon the fame Horizontal-lize, thro 
which the Shadow cutteth, and at the fame In-- 
ftant alfo take the Sun’s Altitude. 

Thirdly, By the Altitude taken find out. thee 


- Sun’s Azimuth ; this Azimuth, whatever it be iss 
9 9 ? 


reprefented by the Mark formerly made in the Ho- 
vizontal-line or Thread. 

Fourthly, Apply a Paff-board to the affigned 
Point, and hold it flat, that it may anfwer to the 
Hortzontal Thread alfo ; and upon this Paft-beara: 
protract your Azimuth by a Thread extended from 
the Point affigned for the Center to the Mark upom 
the Horizontal Thread. ‘Which done, 

fifthly, By help of that Azimuth upon. the Pa/f-- 
board, protra& the Meridian-line, obferving the: 
true Coaft and Quantity of the Angle from the; 
Azimuth ;_ and to the Meridian thus found, de- 
{cribe an Horizontal Dial for the place. 

Sixthly, Apply the Paff-board to its place again,, 
all things ftanding right as before ; projeé&t all the: 
Hours into the Horizowtal Thread from off the: 
Paft-board, and fet Marks upon the fame Line,, 
for the point of each feveral Hour, which Marks: 
may be little Knots to flip to and fro upon the fame: 
‘Phread.. |. 

Seventhly, Proje&t the Meridian Point by a per-- 
pendicular Thread upon fome Object into. that: 
place whereabouts you imagine the Axis of the: 
World would pafs, above or below, from the: 


Point affigned for the Center. 


Esghthly,, 


a Geometrical Dialling: et 

— Exghibly, With your Semicircle, (or a String 

and Quadrant) elevated or depreffed, (as it fhall be 
-Tequired) from the point affigned for the Center, - 
according to your Latitude, proje& the Pole of 
the World. 


Nivthly, Extend a Thread freri ithe Poiuz af. 
_figned for the Center to the Poles ef the World, 
Which fhall reprefent the Axis. 
Leuthly, By the Poiusz upon the Horizontal] 
Thread, and this Axis, (either by your Eye, lay- 
ing the Axis to the Hour-points, or laying the 
Hour-knots to the Axis,) you may project all the 
Hours, and draw them: Or elfe you may 
let the Axis alone, and content your felf with the .° 
Pole-point projected into the Meridian: F Of from 2. 
the Pozzz afligned to be the Center, or Meeting of | 
the Hours and Axis you extend a Thread to cach 


nee oi) 


four-point in the Horizontal-line, and do repofe 
€with your Eye) the fame Thread upon the Pole- 
pots; then fhall the Shadow of the Thread give 
you that Hour-line; and do fo in all the reft. 
Eleventhly, Your Thread or Axis lying in its 
true Situation, you may eafily fit an Axis to the 
fame Pofture. If your Dial be deferibed upon a 
plain Superficies, you may then (by one fide of a 
Square, applied to the Thread or Axis, and the o« 
ther fide lying upon the P/ziz) find out the Subitile, 
and meafure from it the Elevation of the Play, 
But if the Dial be defcribed upon a.cury=. 
ed Superficies, you muft be content to fet up your ~ 
xis by the Direétion of the ‘Lhread only. es 
Lwelfthly, This Point afligned for the Center, 
cing a Porat of the Axis,@is, as it were, thee4= 
ex of the Gromox, unto which all the Work is 
wrojected: But if it be required to fet up an Axis 
0 fuch a Superficies, upon which the Hours and 
{xés.wil not meet ip any tolerable manner, be- 
7 : caule 
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caufe perhaps the Axis may be but of a very fimall! 
Elevation above the Suverficies, and yet an Axzs: 
is required, in this Cafe fet up any point (of wire,, 
or fuch like) of fuch Diftance from the Superfi-- 
cies, as that the Howrs and Axis may be diftinét,, 
and through that point let it be required to make: 
the Axis pafs; you have no more to do but onlyy 
to project to this point as before, by letting the: 
Shadow of a perpendicular Thread pats through) 
that point, and noting the fame upon the Horzzon-- 
tal Thread, and counting that End of the Wire ass 
your Center, proceed as before ; for the Thread! 
that lies to project the Hours is a Pattern for the: 
Axis. 


Tus Way is general, ferving to project thee 
‘Hour-lines upon many Superficies, be theyy 
plain or curved, and however fituate, whe-- 
ther contiguous or feparate, and that with-- 
out any laborious Inquifition after any off 
their Situations in refpect of Declination, Re-: 
clination or Inclination. | 
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flow from a Glafs Hforizontally placed, to reflec 


flours upow any Superficies, flat or curved, oue 
or more. | 


Fri kST, The Glas being placed truly Hori- 
zontal, obferve the Spot of Light that the Sun 
cafts, and make a Mark at it. 

Secondly, And obferve immediately the Sun’s 
Altitude, and find the Azimuth. 

Liirdly, Then extend an Horizontal Thread in 
the fame Level with the Glafs, but within the 
Room. | | 

Fourthly, Proje& the Azimuth into the Horizon. 
tal Thread, by holding up a Perpendicular Thread 
in fuch a place, that tho’ it hang at Liberty, you 
may at once difcern both the Mark of the Spot of 
Light, and the Glafs likewife; and then obferve 
Where the perpendicular Thread feems to cut the 
Horizontal Thread, and at that apparent Interfec- 
tion make a Mark upon the Horizontal Thread 
for the Azimuth. é 

fifthly, Apply a Pa/t-board to the Glafs, fo that 
it may be ftayed upon fome Reft, that after it is 
taken away, it may be reftored into its place again 
with all Exaétnefs: Let it be alfo placed Hori= 
zontally, fo that it may have full Relation to the 
Horizontal Thread. 

_ Srxthly, At the Glafs’s Center make a Point for 
the Center upon the Pajfi-board, and extending a 
Thread trom the Center of the Pa/t-board fe ei 
ui. aric 
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Mark of the 4zzmuth upon the Horizontal Threacé 
draw upon the Pa/f board that Line, which the ex 
tended Thread Figures out thereupon ; afterward: 
unto the fame Azimuth upon the Pa/t-board draw 

Meridian Line, and to it an Horizontal Dial; anid 
applying the Pa/t-doard again to its firft Situatiom 
project the Hours thereon unto the Horizontzaal 
Thread, and there make Marks or Knots. 

_ Seventhly, Then proje& the Meridian (by : 
perpendicular Thread, covering ia Appearance bott! 
the Knot at 12, and the Glafs) unto the contrarry 
Coaft to that, wherein the Pole is elevated abovie 
the Horizon ; that is to fay, in our Northern Clii 
mates, you mutt projec the Meridian Southwared 
from the Glafs, becaufe the North Pole is elevatt 
ed: And in the Meridian elevate your Semicirclee 
or extend a Thread and Quadrant from the Glatt 
Southwards, till the Plammet falls upon your Laa 
titude, fo fhall it point out upon fome Object fee 
- to receive it, the North Po/e reflected. | 


Or elfe, if this be not convenient, (becaufe itp 
Windows, which look towards the Southi. 
the North Pole will be without the Room, 
(and fo the Axis above the Glafs extended to». 
wards that Pole will be without alfo) your 
may in fuch Cafes find out the oppofite Polds 
to it, that is to fy, that Pole which the for-- 
mer reflected Axis being extended throught 
the Glafs, and below it, would fign out, andi 
that may be effected in this Manner. 


- Eighthly, Proje& the Meridian Line towards 
the Pole that is elevated, that is with us, towards: 
the North Pole; and then (becaufe the North Polee 
is elevated by Refle&tion towards the South, f0,, 

by the fame Reafon, the South Pole muft be seni 

edi 
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fed-towards the North) by your Semicircle, or 
‘String and Quadrant, dire€ted even with the Cen- 
ter of the Glafs, exprefs or proje& your Latitude 
downwards, (but towards the North) fo hall the 
Semicircle or Thread point out the reflected South 
Pole in the Meridian. Now, whether you will, 
or,can (moit conveniently) ufe the refleéted South 
Pole below it, you are to take your Choice, for 
both the one and the other of them do reprefent 
the reflected Axis of the World. ese: 

Niwthly, By this refle@ed Azis, and the Hours 
points figned out upon the Horizontal Thread, 
you may eafily proje& the reflected Hours, upon 
any kind of Superficies, one or more, whatever 
they be, that ftand in the Way. 
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ETow to make a plain Dial (either South or Horizon~- 
tal) that foall give you the Hour of the Day at any) 
Place or Places affigned, as well as at the Placee 
the Dial is made for, according te the Englith Way 
of reckoning. | 

Fi RST, Make a common plain Dial eithers 

South or Horizontal, as you would have yourr 

Dial ta be ; only in this Cafe it is beft to place: 

the Hours ina Circular Form, as you fee: 

Plate 11. it done; then (befides the two Circles,, 

Fig. 1. between which the Hours are placed)) 

draw fo many Concentrick Circles asi 
you would have Places in the Dial, and behind! 
the Stile in each Circle put the Name of the Place: 
whofe Hour it reprefents; then obferve what Dif-- 
ference gesonsitude the Places propofed have: 
from Lozdoz, and by allowing 15 Degrees for an: 

Hour, place the Hours with fo much Difterence: 

a8 the Difference of Longitude requires, the be 
ow 


: 


dow fhall give the true Hour at any of the Places 
propofed. But becaufe in this Cafe a Table of 
Latitude, sc. of Places is neceflary, I fhall infert 
the moft corre& Table of that Kind now extant, 


an Example of each of the above-mentioned 
Dials. 


| A Corres Tanne of the Latitudes and Dif- 

_ ference of Meridians from London, of the 

~ Moft eminent Places in the World, moftly 
corrected by Celeftial Obfervations, 


iff. 

Names of Places, | Latit. Meria 

the ; D. M.H.M. 
A pilea in Mexico oy 
© Agra, the Mogul’s Court |28 
Aleppo in Syria 37 
Alexandria in Egypz 21 
Amfterdam in Holland 49 


Amiens in France $2 
Antwerp in Brabant yi 
Avignon in France 43 
Babylon in Chaldea 34. 


Barbadoes 13 
Barcelona 4X 


Batavia in Sumatra 
Bayou | ~ 14g 
Bezgal in India 21 
Bergen in Norway 6 
Bonowia in Ital 4.4, 
Bofton in New-England 42 
Breft in France 48 


Bourdeaux in France. 
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Names of Places. 


Cadiz in Spain 
Calais in France 
Cambora in Italy 
Canea in Crete 
Candia 
Cape Bona Efperauce 
Cape Comerin 
Cape Verde 
Cayex in the Weft Indies 
Cayro 
Ceylon 
Cheufan in China 
Cockiz in the Ea/t Indies 
Coxzimbra in Portugal 
Couftantinople 
Copenhagen in Zealand 
Corvo 
Cracow in Poland 
Cufeo in Peru 
Dantzick in Polazd 
Diep in Normandy 
Dubliz in Ireland 
Dunkirk in Flanders 
Durazzo in Dalmatia 
Edinburgh in Scotland 
Embden 
Fero Iflands 
_ | Fez in Barbary 
| Plorentia 

Frankfort 
Geneva 
Genoa 


Ghent in Bidetite 


Difference of Meridian. 


Diff. 

Latit. |Merid 

D. MJH.M] _ 
36 160 30,;W" 
SO S70 Te 
10 BO 12 E 
B52 ar 37 
35 a8ir 4uE 
345150 4E 
8 05 13a 
I14 43]t 9} WI! 
4 56/3 26/W" 
30 2 17\E 
TSO 2331 
30 0/8 6E 
Des 2 F5 in Sea 
40 300 39,W 
4X 27/2. TER 
55 400 50] - 
40 0-3/2 6 |W 
‘150 Yor ISIE | 
12 $254 55{W 
54 22/1 161E 
49 560 4|E 
53 120 28{W~ 
$2.) TON aie 
4t 58ir 211 
55 57/0 t21W° 
53, «50 S0IE 
23 siz. 13]We 
33 100 24/W" 
43 410 47/E 
50 4b 33 
46 2210° 26 

44 2710 $9, 

51 
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Diff. 

Names of Places. Latit. Mec 
| ; D. M./H. M. ie 
Goa in Ledia Ey. 3cld 55 E 
| Goes in Zealand cf alo. 6 E 
: Guardaloupa 
1 Greenoble 

Hamburgh 

Haver-de-grace 

| Heydelburgh 


floaigvan in China 
Jamaica Port Royal 
| Jerufalem 
Ingoldftad 
Lalpruck 
Kebrock in New France 
Koningsberg in Prufia 
Leghore 
Leige 
Leipfick 
Lima in Peru 
Lintz in Auftria 
Lious in France 
Lisborz in Portugal 
ONDON- 
Macao in China 
ladagafcar 
adrid in Spaz 
ajorca 
‘alacca Iflands 
lartinice : 
Marfeilles 
leffina in Sicily 
ex1C0 
Voutpellier 
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Names of Places. 


Namur 

Naugafach in Fapan, 
Nancy in Lorrain 
Nantz 


| Naples in Italy 


Narbonne 
Narfinga 
Nice, Provence 


Ningpo, or Liampo in China 


Noremberg 


Oliuda or Pervzambuck 


Oxford 

Ozaca in Fapan 
Padua in Italy 
Paris in France 
Pekiz in China 
Poudscherri 

Prague in Bohemia 
Ratisbon 

Reggio in Ltaly 
Rhodes in Germany 
Rochel : 

Rome 

Roftock 

Rotterdam 
Salamanca in Spats 
Seville 

Siam in India 
Smyrna 

Spahan in Perfia 
Stockholas in Sweden 
Syracufe in Sicily 


Laugier 


oe 

Latit. | Merid 

D. M.JH.MJ 
50 25]0° 20lE 
32 53/8 31|E 
48 3910 27E 
47 13'0 6)W 
41° SH Sri 
43. 15}0 9|E 
18 1515 43}E 
43 3810 29)E 
29 «6588 8 7E 
49 290 49|E. 
7 48)2 20)VW/ 
jE 440 5] W 
35. 5/8 52]E 
45 310 4s1E 
48 500 gE 
39 55/7 sTE 
Ir 54/5 210E 
50 40)0 58|E- 
43 59/0 49jE 
42. 15,0 55|E 
36 422 12{E 
46 100 5})Wi 
4t 51/0 52\E 
54 10,0 51\E 
5L 55,0 17)E 
41 120 161W, 
37 36/0 26)W, 
14 18 6 43|E 
338 28:1 4ojE 
36 14/4 2018 
158 501 I10jE 
37 4lt WE 
35 550 251W 


reel 
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ae. LA. | 
| Names of Places, | Latit. |Merid' 
2 2 D. M..M.! 
Tidore . “O 3616 37E 
Toledo in Spain 39 46 0 14) 
| Loulon in France 43:1 69 23! 
Tripoly in Barbary 24 54,0 52E 
Tubing in Germany ; 48 34,0 37.E 
Valencia in Spain 39 30/0 3|W 
Venice 45 18:0 5soE 
Vienua 7 (148 pe gE 
Opfal in Sweden 591.12 0 i 12/E 
Uranibure i 55 540 51) 
| Utrecht 7 S2 slo 20'E 
Wittenburgh in Saxony gers 52(E 
Wolfembuitle . 52 11/0 44E 
Tork, | ; SEK 40,0, aA al 
, EAE Sarat Set APSE 


Nore, In the Column of Latitudes, where 
S is placed it is South Lattitude, and all the 
re{t are North. 


= ee a er ee 
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London, then within that Circle of Figures draw 
- the Goncentrick Circle ab cd for Mexico. Allo) 
with it draw the Circle ef gh for Ferufalem, (or: 
‘you may draw them both ‘within or both without, , 
but the other is more proper, becaufe one Meridian 
is Eat, the other Weft from Lozdoz) then behind! 
the “Stile in the inner Circle write or engrave? 
(Mexico) inthe Middle (Lozdoz) in the outer-- 
mott (Ferafalem); then having Recourfe to your: 
Table, you find that Mexico is Weft from Loa-- 
don 6 Hours 49 Minutes, (or which is the fame) } 
when it is*tz2 a Clock or Noon at Mexico, it 183 
49 Minutes “paft'6 Afternoon at London; there-- 
fore lay 2 Scale from Q, the Center of the Dial, , 
(which in this Cafe is not confined to the Center : 
of the Circle) to 49 Minutes paft 6 in the mid-- 
dle Circle for London, and there make a Stroke: 
within the inner Circle, which fhall be the Hour-- 
line of r2 at Mexico: Likewife lay a Scale fromt 
the Center Q to 49 Minutes pafts in the Circle: 
for London, and there in the inner Circle fort 
Mexico, place the Hour-line of 11, and fo pro- 
ceed round the Dial to lay the Scale to-49 Min-! 
utes paft every Hour backwards from 6, you have: 
the Hours from 12 to 11, 10, 9, 8, toe. att 
Mexico, and the fame Shadow that gives the Hour: 
at London in the middle Circle, gives at the fame: 
Time the true Hour at Mexico inthe inet? 
Circle. 


EXAMPLE. 


Suppose I go tomy Dial in the Forenoon, and! 
find the Shadow of the Stile in the Line Q4, T! 
find it is half an Hour paft 9 at’ Loxdow, and ins 
the inner Circle it‘is not. quite three Quarters of 
an Hour paft 2 in the Morning, viz. 41 Minutes) 

2 -paf 
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paft 2, and if you look at 6 in the Morning, it is 
at Mexico but 11 Minutes (viz. not a Quarter of 
an Hour) paft 11 at Night. 

By the fame Rule you may infert as many Pla- 
ces in your Dial as it will contain Coxceutrick Cire 
cles, and thereby give at one View the Hour at alf 
the moft remarkable or remote Places in, the 
World. 

Tue fame Method is to be obferved in any o- 
ther Dial, whether Dire@, Declining, Inclining. 
or Reclining, by placing the Hours at fo much 
Difference, as is the Difference of Meridians be- 
tween Lozdoz, (or any other Place that the Dial is 
made for) and the Place afligned; but that the 
Learner may not be at a Lofs, I have 
likewife drawn a Specimen of aSouth Plate rr. 
Dial for London, Ferufalem and Mex- Fig. 2. 
zco, by which any Perfon may do the 
like for any other Places, and the Method fo ealy 
and intelligible, that it is not neceffary to fpead 
any more lime in Dire@tions about ir. 


ote, You may by thefe Tables find the Houe 

at any Place affigned, without having it put 
upon a Dial, by fubtraGting the Difference of 
Meridians from the Time at Londow, if the 
Place be Weft from London, or adding if it 
be Eaft, and thereby having the Time of any 
Eclipfe, new or full Moon, €s5’c. at Loudon, 
may know at what Hour and Minute it is at 
any Place mentioned in the Table. 


.. ede CHAP. 
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Inftrumental Dr1aLLING: 


SECTION I. 


T. eaching how to draw theHour-lines upon any Plains 
by the Help of the Line of Hours, Lnaclinationg 
&c. 


sae ESE Lines may be infcribed on 
AwAL the Side of any Dialling Scale, Sectors 
or any other Inftrnment of Brafs or 
Wood, and they are commonly 
known by the Name of the Line ob 
Hours, Inclination, and Latitude, and if you 
have them upon any plain Scale, you ought to 
have Chords to feveral Radius’s ; but in this Café 
{ would rather recommend a Seétor, becaufe there 
you may take Chords, Sines, or Tangents to 
what Radius you pleafe. 

Tue firft of thofe Lines is the Line of Hours; 
commonly known by the Word (Hours) at the 
Beginning of the Line; it contains 6 Hours, and 
is numbred with unequal Divifions from I to VIL 


THE 


$ 
\ 


* - 
~ 
~ 


THE next to that, and clofe to it, is the Line 
Of Inclination, known by this (luch.) at the Be- 


ginning of it, and is 90 Degrees, divided in the 


fame Proportion as the 6 Hours are, fo that every 
15 Degrees in one is an Hour in the other, to 
fhew how many Hours and Minutes of Time an- 
fwers to any given Number of Degrees and Mi- 
hutes of the Equino@tial. 


EXAM PoE E 


I would know how many Degrees and Minutes 
of the Equinoétial is:contained in an Hour anda 
half of Time. Look again{t an Hour and a half 
on the Line of Hours, and under that on the Line 
of Inclination you find 22 deg. 30 mio. and fo 
huch is contained in an Hour and a half of Timez 

Tue next is the Line of Latitude, marked 

Lat.) at the Beginning. 
-SoME have two Lines more, one marked (G 
ol.) and the other (L Pol.) but by a SeStor thofe 
ines may be more commodioufly fupplied from 
he Tangent; but I fhall thew the Ufe of both, 
nd to avoid Prolixity, I fhall fall dire@tly upon 
ixamples of the Ufe of thefe Lines in making 
Dials upon any Plain. 
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SECTION II. 


How to. draw the Hour-lines om a Hortzontal Dial,, 
jor Latitude 51 deg. 32. min. 


IRST, Draw the Line E W for the fix aa 

= Clock Line, and at right Angles thereto drawy 
the Line NS for the 12 a Clock Line to biffectt 
the former, where you intend to have the Center 
of your Dial as at A. ; 
THEN fixing one Foot of your Compafles in thee 
Beginning of your Line of Latitude, extend the: 
other to 51.deg. 32 min. the Latitude of the Place,, 
and fet that Extent from Ato E, and from A to 
W.; then take in your Compaffes the whole Scalee 
of Hours, - and: with that Extent and one Foot im 
E or W, with the other Foot crofs the Meridian,, 
or 12 a Clock Line in S, and draw the Lines Ee 
Sand WS. - | 
Tuen take in your Compaffes the Diftance upon 
the Line of Hours from the Beginning of the Lines 
tof, and fet that Diftance from S to 1 and 1r,, 
and alfo from E to 5,sand from Wto 7; take alfoy 
the Diftance from the Beginning of the Line to III 
on the Scale of Hours,. and fet from S to 2 andi 
10, and alfo from W to 8, and E to 4: Alfo thee 
Diftance from the Beginning of the Line to ITI,, 
and fet from S to 9 and 3, which will alfo be e-- 
qual to the Diftance W 9, or E 3. Now Liness 
drawn from tne Center A through thefe Figures,, 
7, 8, 9, €x¢. to the Limb of the Dial (which mayy 
be fquare or Round in what Form you pleafe) givess 
| the: 


Inftrumental Dialling. 187 


the true Hour-lines of that Dial only for the Hours 
before 6 in the Morning, wz. 4and 5, and like- 
wife 7 and 8 at Night, they. mult be continued: 
through the Center from their oppofite Hours, and: 
then are your Hour-lines finifhed; and for the 
Stile, it muft be a Plate of Brafs, or the like, to 
make an Angle of 51 32 (the Latitude of the: 
Place) with the Plain, the Angular Point. being 
fixed juft at the Center A, and the Stile ftanding — 
upon the Meridian Line at right Angles with the 
Plain of the Dial, and then is your Dial finifhed. 


BERG EERE EBERREEBE ELS 


$2.0 LYON i. 
How to draws Hour-lines upon a direct South Dial. 


iT HE fame Direftions, that ferve for a Hori- 
™~ xontal Dial, may with.a little Alteration ferve 
for drawing the Hour-lines upon a South Dial, for- 
if inftead of taking the Latitude of the Place off 
from the Scale of Latitudes, you take the Comple- 
ment, proceed in all Refpeéts.as before, only nums* 
ber the Hours the contrary Way, it will produce a 
South Dial. TheReafon is, becaufe.as the North 
Pole is elevated abovethe Plain of the Horizontal 
Dial, equal to the Latitude of the Place, fo the 
South Pole is elevated above the Plain of the South 
Dial, equal to the Complement of the Latitude of 
the Place. ‘Therefore if you would make a South | 
Dial for Latitude 51 deg. 32 min. take 38: deg. 28: 
min. the Complement of the faid Latitude, (or if 
you work for any other Latitude, take always 
the Complement of the Latitude you work for) 
oS 1:4, out 


4 a 
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Out of your Scale of Latitude, and work in alll 
Refpeéts as you did before, only accounting thee 
Meridian-line for the Hour of r2, number the Fi-- 
gures the contrary Way, wz. to the right Hand 
of the Meridian, as Practice and even Reafon itt 
felf will inform you; and as in the other the Stile 
made an Angle with the Plain of the Dial equal 
to the Latitude of the Place, fo the Stile in this: 
muft make an Angle with the Plain of the Dial e-. 
gual to the Complement of the Latitude, and: 
both ftand at right Angles with, or perpendicular 
to the Plain. 


PE ES OSES RES OS Ree eS 


She? Ups Giga fad AG Pea Pa by 
Of a Dies North Dial. 


A North Dial is the fame in all Refpeéts with «: 
South Dial, only in a-North Dial the Stile 
points upwards towards the North Pole, becaute 
the North Pole is elevated above the Plain of that 
Dial equal to the Complement of Latitude ; for 
it is an univerfal Rule in all Dza/s that fhew the 
Hour of the Day by a ftrait lined Stile, to have 
that ftrait Side of the Stile, whofe Shadow gives 
the Hour, to lie parallel to the Axis of the World, 
and to point direétly to that Pole which is elevated 
above the Plaiz of the Dial: And the Divifions 
for the Hour-lines are the fame, as in 'a South Dzal, 
if they were to be inferted; but as it would be 
fuperfluous to defcribe Hours which could never 
be fhew’d by the Sun, it is proper to omit the 
- Hours about Midnight, vz. 9, 10, 11, 12, 1 2, 3, 
at 


tN ae 
ree 
bm 
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at which Hours the Sun is under the Horizon, e- 
ven at the longeft Day, in the Latitude of Low- 
don; but if you work for amore Northerly Lati- 
tude, you mutt put on more Hours; as fuppofe 
you fhould make a North Dia/ for Latitude 64 
deg. oo min. the longeft Day there is 20 Hours 
24 Minutes, its Complement to 24 Hours is 3 
Hours 36 Minutes, the Length of the Night at 
that Time; half the Length of the Nightis always 
the Time of the Sun’s Rifing, which in the fore- 
mentioned Latitude 64 deg. is 1 Hour 48 min. 
for the Time of Sun’s Rifing in the Morning, and 
half of 20 Hours 24 min. wz. 10 Hours 42 min. 
is the Time of Sun’s fetting at the longeft Day. in 
that Latitude: But that the Artift need not be put 
to the Trouble of Calculation, I have inferted a 
Table, which fhews the Length of the longeft Day 
in all Latitudes, either North or South, wz. from 
Pole to Pole; and although the fame Table extend~ 
ed from the Equinodtial to the Polar. Circles, 
might have ferved in common Ufes, yet for the 
Satisfaction of the Curious, I have inferted the 
wholeas follows, 


\ 
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A, TABLE fhewing the Length of the longetft Atr 
tificial Days, in.all Places from the Equinotiza 
to the Poles.of the World. 


S. HH Long- |S, it) Longeft 5, ~ Longeft. 


Tue Ufe of-this- Table is very eafy, for in thi 
4. fix{t Columns you have the Length of the long: 
' eft Day in any: given Latitude in Hours. and Mi 
nites, and.in the two laft.Golumns you have th» 

| Lengtk 
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_ Length of the longeft Day in Days, Hours, and 

@ Minutes, the Sun in thefe Latitudes remaining a- 

~ bove the Horizon during fo many Days, while he 
is near his greateft. Decimation, of the fame Dewo- - 
mination With the Latitude of. the Place, whether - 
South or North, and when the Declination is cone - 
trary, the longeft Night is the fame Length. 


EXAM PLL E. 


In Latitude 60 deg. North, the Lozgeft Day is 
18 Hours 30 Minutes, which happens when the 
Sun enters Caucer, and hath 23 ¢eg. 30 min. North 
Declination; but in 60 deg. South, the Day is the. 
fame length, when the Sun enters Capricorn, and 
fo in the reft,- but beyond Latitude 66 deg. 30 m. 
the Sun continues above the Horizon feveral Days, . 
half of which is before the Zropick, and the other : 

half after it. | 


% 


EEX AN PLE: 


Idefire to know the Lozgeft Day in Latitude 7%: 
deg. oo min. and I find it in the Table 74 Days, . 
giz. 37-Days before the Zropick, and as many af- 
ter it, which is from the 4th of May to the 17th. 
of Faly, in all which Time the Sun never fets in. 
that Lazitade. 

By this Table the Aftifts may know by Infpec. 
tion how many Hours are proper to be put upon, 
any Ere&t, Dire, North Dial, or any Horizons. 

tal Dial, in any Latitude whatfoever. 


fia. in Ts: 
a gy CTs 


a 
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SECTION V. 
Of South or North Reclining Dials. 


[TN a Dirett North or South Reclining. Dial, 


there need be no Direétions given, but whiat are 
already laid down, for all fuch Dials are South 
Dials, ot Horizontal Dials, in fome other Lati- 
tude ; fora Horizontal Dial in Latitude 51 32 or 
any other Latitude, is only a South Dial Reclin- 
ing 90 deg. for in an Ere& South Dial, the South 
Pole is elevated above the Plain of the Dial, equal 
to the Complement of the Latitude ; therefore if 
a North Dial in South Latitude, or a South Dial 
in North Latitude, recline equal to the Comple- 
ment of the Latitude, the Plain of the Dial be- 


comes parallel to the Axis of the World, and | 


otile of the Dial, and then that becomes a Hori- 
zontal Dial under the Equino@ial, and hence thefe 
general Rules may be deduced, 

1. IF a South Dial reclines lefs than the Com- 


plement of Latitude, it becomes a Vertical Dial - 


for a Latitude, fo much more than the given La- 
titude as the Reclination is, Or mare plain, Add 
the Reclination to the Latitude, the Sum is the 
Latitude, where that is an Ereé or Vertical Dial. 


EXAM P-L E. 


Suppose I would make a South Dial for Lati- 


tude. 5%%.32. North Reclining 22 deg. Add 22 d. 
to 51 deg: 32 min. the Sum is 73 deg. 32 min. 
, there- 


Sa 
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: therefore make an ere dire@ South Dial, for La- 


ah 


a 


_ titude 73 deg. 32 min. North, the fame thall bea 


dire&t South Dial reclining 22 deg. for Latitude 51 
32, and the Rules for making it are the fame in all 
Refpeéts. 

2. Ip the Reclination be equal to the Coniple- 
ment of Latitude, it becomes a Hlorizonutal Dial 
under the Equino@ial, for Reafons before given. 
——~ Therefore, 

3. Ip a South Dial in North Latitude (or a 
Nort) Dial in South Latitude) recline more than 
the Complement. of Latitude, it will be a -Hori- 


_ xontal Dial for fach a Latitude, as the Reclination 


propofed. 


is more than the Complement of Latitude - Or 
thus, fubftraét the Complement of. Latitude from 
the Reclination, the Remainder is a Latitude, for 
which if you make a Horizontal Dial, it thal alfo 
be the Déal for the Latitude and Reclination 


Ey Xe AdMEP LE 


I defireto make a Dial for Latitude 66 deg. 
North, to recline 40 deg. 


_ SUBTRACT 30 the Complement of Latitude 


from 40 the Reclination, the Remainder js tor 
therefore a Horizontal Dial for Latitude 1> North, 
is the fame in all Refpeéts as a South Dial reclin- 
ing 40 deg. for Latitude 65 deg. North. 

F’or it is plain, that if the Dial had reclined but 
30 deg. the Plain had been parallel to the Axis of 
the World, but reclining 10 Degrees more, ele- 
vates the contrary Pole 10 Degrees, and becomes 
a Horizontal Dial for that Latitude. 

Upon the fame Ground we may deduce Rules 


for Incliners, for if we confider, that the Stile of 
all Dials fhould lie parallel to the Axis of the 


World, 
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World, and confider how much the Angle, that 
the Stile makes with the Plain of the. Dial, is aug-- 
mented or diminifhed by the Inclination of thee 
Plain, it gives you the Latitude for which a Ver-- 
zical Dial being made, it will bea North or Southi 
Dial with the given Inclination, and for the givem 
Latitude, for which I. think one Example fuf= 
ficient. 


ERX AMR E ED 


{ would make a South Dial for Latitude 51-320. 
North, to incline 10 deg. 

Ir is evident, that this Dial that inclines ro d.. 
would. be vertical, or. perpendicular to -the Hori-- 
zon in a Latitude 10 Degrees lefs, therefore for ai 
South Inclining Dial in. Notth Latitude, or: 
North in South Latitude. 

1. Ir the Latitude be more than the Inclination,, 
fubtra@ the Inclination from the Latitude, the Re- 
mainder is-the Latitude where. the fame Dial iss 
Vertical. 

2. Ir the Inclination. be equal to the- Liatiehded 
it is an Egu:noctial Dial under the Equinoctial. | 

3. Ip the Inclination be more than the Latitude,, 
fubtraé& the. Latitude from the Inclination, the re-> 
mainder is the Latitude, where the Dial is Verti-- 
eal, but of a contrary Denomination, viz. if the: 
Dial is to be made for North Latitudeit is Verti+ 
caJ, in South Latitude, €} contra. 


For Direétion about Eaft and Weft pees 
See Page 125, 


SEC T:?: 
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ERREPEORIIBIRERE RSD © 2 


SE G.T. LOM Mle 


How: to draw Hour-lines upon a direct Eaft or Weft | 


Dial. 


I Shall begin with an Example ofan Eaft: Dial for 
- Latitude 51,32 North. 

TAKE im your Compaffes the Chord: 
of 60, and with one Foorin.C,draw Plate 14, 
the Arch A B, and fet off the Com-. fig. 2. 
plement of Laticude from A toB, and 
through B draw the Lines C, B, E, then fome- 
where towards.the upper End of the Line.C E as 
at R, daw G RF, perpendicular to. C E for the 


Subftile and Hour-line of 6; and draw H [ parallel. 


to E C, andat any competent Diftance from it, 
then from one of the Lines. marked. (Po/.) on: 
your Scale take the Diftance from the Beginning 
of your Scale to I, and fet that Extent from R to - 


5; and from Rto 7; then take.the Diftance from. 


the End of your Scale to Il, and fet from Rto 4, 
and to 8; fet alfo the Diftance from the Beginning - 
of the Scale to Il], and fet from R:to 9,. and fo. 
proceed to find the Hours of 10 and 11 by the Fi- 

gures IIII, and V, upon the Scale and draw the 

Lines 4 4, 4-5, 7°75 €se. parallel to 6.6. Thefe. 
fhall be the Hour-lines required. — 

Tue Diftance fromthe Beginning of the Scale. 
to III, is the Height-of the Stile, and: muft ftand 
upon the Hour-line of 6, and perpendicular to 
the Plain of the Dza/, and.then.is your. Dial f- 
nithed... 


THE 


196 = Inftrumental Dualling. 


THE making of a Weft Dial is all the fame, 
only as the Eaft Deal is elevated towards the left 
Hand equal to the Complement of Latitude, the 
Wett Dial is elevated towards the right Hand, and 
inftead of 4 5-67 891011, in the Eaft Dial, you 
muft upon the Weft Dial put on the Figures 1 2 3 
456 7 8, becaufe the Afternoon Hours are de- 
{cribed upon the Weft Dial, as the Forenoon 
Hours are upon the Eaft Dial. 

But in working by thofe Lines you are confi- 
ned to a certain Bignefs for your Dial (except you 
inlarge it afterwards) and therefore [ hold it much 
better in this Cafe,to make ufe of the Tangents upon 
the Se&tor; and having firft confidered how large 
you intend your Dial fhall be, and confequently 
determined the Height of your Stile,. take the 
Height of the Stile in your Compafles,: and open 
the Seétor, till the aforefaid Extent will juft reach 
from the Tangent of 45 on one fide of the Sec- 
tor, to the fame Tangent on the other fide, and 
keeping the Sector at that Opening, take in your 
Compaffes the Tangent of 15 deg. and fet from 
R to 5 and 7; take alfo the Tangent of 30, and 

fet from R to 4and 8; the Tangent 
Plate 11. of 45, or Radius, which is alfo the 
Brees: Height of the Stile, is the Hour-line 
| of 9; and as every 15 deg. of the E- 
quinoétial make an Hour of Time, fo proceed to 
take the Tangent of 60 and 75, they give the 
Hour Marks for 10 and 11, from which drawing 
Lines crofs the Dial parallel to 6 6, as before di- 
rected, gives the rour-lines required. 


Note, When you would take a Tangent lefs 
than 45, you muft make the 45 at the End of 
the Sector Radius; but when you would take 

a Tan- 
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a Tangent above 45, you muft make that 45 
Radius, which is at the Beginning of the re- 
maining Tangents, (which is alfo marked T) 
and proceed as before. | 


SEIGUISSSISS ASBRGHSSIS 


SEC YFION -VIL 


How to deferibe Hour-lines upon direct Eaft or Weft 
: | Reclining Plaias. : 


I Shall not trouble my felf to give any Directi- 
ons for drawing Hour-lines upon Eaft or Weit- 
Reclining Dials, confidered as fuch; for as in 
SeZ. 5. you have Directions how to find in what 
Latitude avy North or South Recliner becomes a 
Vertical Dial or an Horizontal Dial, and _it is alfo 
fhew’d in P.125, how to teduce any Eaft or Weft 
reclining Plain to an erect declining Plain in ano- 
ther Latitude, or in what Latitude the given Plain: 
fhall be an ereé&t Plain, and how much it declines ; 
jt will therefore be (ufficient to fhew how to draw 
Hour-lines upon all ereé& declining Plains, be- 
caufe in them all Eaft and Weft Recliners are 
included. 


SECT- 
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SECTION VIL 


To draw the Hour-line upon a North or South de~ 
clining Plain. . 


| fhall inftance in a South Ere& Plain declining 
Weltward:24 deg. 20.min. for rhe Latitude of 
London, 51 deg. 32 min. North. (See Chap. 7. 
Page 46 and 47.) 
HERz are. two Things given, and-3 required be- 
fore you can proceed. — 


| The Latitude 5 32 
Given The,Declination 24 20 
\The Subftile’s Diftance from the Me- 
ridian. 
Required>The Height of the Stile above the: 
Plain. 
The Inclination of Meridians. 


For, the Subjtile’s. Diftauce. from the. Meridian. 


: As Radius 19,000000 
To the Sine of the Plain’s Decli- = 
nation 24 20. 9.014944 


So Tang. Comp. of Latitude 38 28 ~ 9.900086 


To Tang. of Subftile’s Diftance 
from the Meridian 18.9 9.515030 


2, For 


For’ be Fleighe of the Pole (or Stile) above 
: , the Plain. 


As Radius -10,000000 
To Sine Complement-of Latitude? - | 
38 deg. 28 min. + 9:79383% 

So Sine Complement of Declination 
65 deg. 40 min. é 9-959596 
To Sine of the Stile’s Height a- 7 | 
bove the Plain 34 deg: 32 Se 152%"? 


3. For the Inclination of Meridians. 


As Radias- 10,000000 
To Co-Tangent of Declination 2. 

65 deg. 40 min. whi bro.saaesa 

So is the Sine of Lat. 51.deg. 32 mim. 9.893745° 

To the Co-Tang. of the Inclina- Ps Avge 

tion of Meridians 30d. or m. $ 101238397 


Or if you would confine your -felf to Inftru- 
mental Operations, the fame may be. performed. 
upon the Gzzter’s Scale thus : 


1. For the Subfiile’s Diftance from the Meridian. 


Tue Extent from Radius to the Sine of the 
Plain’s Declination 24. 20, will reach from the 
Tangent Complement of Latitude 38 deg. 28 m. 
to the Tangent of the Subftile’s Diftance- from. the. 
Meridian 18. 9. 


® 


2. for 
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2. For the Height of the Sttle. 


ExTEND from Radius to the Sine Complement 
of Latitude 38 28, the fame Extent will reach 
from the Sine Complement of Declination 65 4¢, 
to the Sine of the Stile’s Height, 34 33. 


. 3. For the Inclination of the Meridian. 


Tue Extent from Radius to the Sine of Lati- 
tude sr 32, will reach from the Co-Tangent of 
Declination 65 40, to the Co-Tangent of the In- 
Clination of Meridians 30 00. 

Tue: Requifites thus found, draw the Horizou- 

tal-line HO, and in fome convenient 
Plate 11. Part of that Line, as in C, fix the Cen- 
fig. 3.. ter of your Dial, and from thence 

draw C 12 perpendicular to H O, then 
with 60 deg. of the Chord, and one Foot in C, 
make the Arch y z, upon which fet off 18 deg. 9 
min. the Subftile’s Diftance from the Meridian 
from y to x, and draw C x F, for the Subftile. 

Note, The Subftile muft be on the right Hand 
of the Meridian, becaufe the Plain declines to the 
Weftward, and fhould have been on the left Hand, 
if it had declined Eaftward. 

THEN through C, and at right Angles with the 
Subftile, draw the Line A B, and from the Scale 
of Latitudes take 34 deg. 33 min. (the Height of 
the Stile) and fet from C to A, and from C to B. 
Take in your Compaffes the whole Scale of 6 
Hours, and with one Foot in-A or B, turn the o- 
ther about, till it touch the Subftile, as in Fy and 
draw the Lines A F and B F, 


FIND 
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Finp the Inclination of Meridians (which in 
this Example is 30 deg.) in the Scale of Inclina- 
tions, and againft that in the Line of Hours you 


- find 2. Therefore take 2 Hours in your Scale, 


and fet from F to 12, @d from Bto 6. Take 
alfo 1\Hour off the Scale of Hours, and fet from 
Ftor, and fromB to 7. In the fame manner 


_ take 3 Hours off the Scale, and fet from F to 11, 


and from Bto 5.. Likewife fet 4 Hours off the 
Scale, from F to 10, and from Bto 4. Alfo fet 
5 Hours off the Scale, from F to 9, and from B 
to 3, and for the 2 a Clock Line it happens to fall 
juft in the Saéfzle, becaufe the Inclination of the 
Meridian is juft 30 deg. which at 15 deg. to an 
Hour, makes two Hours: And for the Hour 
of 8 in the Morning, continue the Hour-line. of 
8, which falls above the Horizontal-line on the 
right Hand, quite through the Center to the Edge 
of the Dial, and Yt fhall be the Hour-line of 8 in 
the Morning, and for the reft, draw Lines from 
the Center C through the Marks 1, 2, 3, 4, 5, 
éyc. to the Edge of the Dial, they fhall be true 
Hour-lines for that Dial. 

Tue Sz/e mutt ftand upon the Sub/iile, and per- 
pendicular to the Plain of the Dial, the back Part 
of the Stile that gives the Hour by the Shadow, 
making an Angle of 34 deg. 33 min. with the 
Plain of the Dial equal to the Height of the Stile 
before found. 

Note, The Inclination of the Meridian being 
jut 30 deg. the Subfiile falls juft upon the Hozr- 
fine of 2, but if it had been any other odd Num- 
ber, as fuppofe 35 deg. this found in the Line of 


Inclination, there is againft it in the Line of Hours, 


2 Hours 20 Minutes, then you muft have fet off 
from the Line of Latitudes 2 Hours 20 Minutes, 
from F to 12, and from Bto 6, and o Hours 20 
min. 


; 4 Verret ae ae 
202 Inflvumental Dialling. 
min. from F to 2, and from Bto 8, and fo in any 
other Cafe. | 
In drawing this Dial, you have likewife made: 
‘3 more, for which to wei Repetitions, I thall re-- 
t 


fer you to Page so in 7th Chapter, and to the: 
Figures of them in Plate 3. Fig. 4. 


SECTION FX. 


flow to draw Hour-lines upon.a Dial that declines 
fo far, that the former Directions will not be 


fuffictent. 


{ Defire to draw the Hour-lines upon an ereé& 
~ Plain, declining from the South Eaftward, 80 
deg. Lat. 51 32. 
(See the fame Chap. 8 Page 51.) 
You are already taught in the laft SeGtion, how — 
to find the Requifites, which are by thofe Rules © 
found to be as followeth. . 


deg. min. 
Subftile’s Diftance from the Meridian. 38 2 
Height of the Stile. 6... 12am 
Inclination of Meridians. 62. an 


Draw the Line H I, and with the Chord of 

60, and one Foot in H, defcribe the 

Plate 11. Arch M N, and from M fet off the 
Fig. 4. Subftile and Stile to make their refpe-_ 

ctive Angles with the Line H J, az. 

the Subftile to make an Angle of 38 deg. 2 min. 

and the Stile to make with the Subftilean Angle of 

6 deg. 12 min. or with the Line H I an Angle of 

44 deg. 14. and draw H C B for the Széftile, and 
HK Lito reprefent the Stile. 
: THEN 
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THEN in any convenient Place towards the low- 
er End of the Subftile, as at B, draw a Line at 
‘right Angles with the Subftile, as the Line F B.D, 
then with one Foot of your Compafles at the Be- 
ginning of your longer Polar Scale, extend the 
other tothe Hour of 3, fet that Extent from B to 
Dy, and through D draw the Line DE parallel to 
the Stile H K L, then is D E the augmented Svile. 
Then with one Foot of your Compaffes in the 
‘Beginning of your leffer Polar Scale, extend the 
Other to 3 Hours, and with that Extent place one 
Foot in the Suéfile BCH, carry it along the Sub- 
file, till the other Foot juft touch the Line D E, 
which will be when the other Foot is in C, then 
Make a Mark, and through C draw a Line paral- 
Jel to the Line F BD, asthe Line EC G ; then 
find the Inclination 82 deg. -9 min. in the Scale of 
‘Anclination, and againft it' in the Scale of Hours 
you have 5 Hours 29 Minutes, which fhews that 
‘the Subfizle falls between the Hours of 6:and 7 in 
the Morning (the Declination being Eafterly) but 
thad- been between 5'and 6 inthe Afternoon if it 
shad been Wefterly. 
_. Now if the Hour-line of 12 be 5 Hours 29 
Minutes from the Szbfiile, the Hour-line of 41 
anutt'be 4 Hours'29 Minutes from it, €s’c. and the 
‘Hour-line of 7 is o Hours 29 Minutes from it, 
and if fo, the Hour-line of 6 muft be o Hours, 
-3t Minutes on the contrary Side, becaufe 29 
‘Minutes and 31 Minutes makejuft an Hour, és’. 
pe all the other Diftances, asin the following 
Fable. 


From 
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From B towards F. [| From B towards D. 


Hour on the 
ak M,| Plain. 


| Hour on the 
1H. M.'! Plain. 


fe) 7,6 31\B 65 
Toe 20D 8 ii eo 55 
2 29B 9/2 31/B As 
3 29 .B 1of3.* 3iib , 33 
4. 29:D 114 =63:1'B 2. 


Tue Ule of this Table is very eafily underftoodi 
for, take (according to the Table) o Hours 21 
Minutes from the greater Polar Sca/e, and fet from 
B towards F, it fhall fall at the firft + in the Line IL 
BF. Take likewife 1 Hour 29 Minutes, 2 Hourr: 
29 Minutes, 3 Hours 29 Minutes, 6c. from tho 
- faid greater Polar Scale, and fet them upon the 
Line DBF, from B towards F, to the feverai 
Points *K KK és¢. andthe contrary Way, fet 
the Diftances o Hours 31 Minutes; 1 Hour 33! 
Minutes, tc. upwards from B upon the fame 
Line, to the Points > *« % és’c. it finds the Pointe: 
for the Hours of 6, 5, 4, €xc. do the fame by the 
leffer Polar Sca/e from the fame Table, and fine 
the Marks °k > -* in the Line ECG; then lay- 
ing a Ruler over the two Marks next below the 
Subftile, a Line ruled thereby fhall be the Hour 
line of 7, and by the two next Marks, a Line 
ruled fhall be the Hour-line of 8; and foin all the 
reft, as you fee inthe Figure. 


THE 
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Tue Stile in this, as in all others, muft ftand 
—direStly over the Sabftile, and muft be a Plate of I- 
ron or Brafs, and in the Form of the Figure B 
or dD. : | 
In the making of this Dial, you have alfo made 
a South Dial declining Weft 80 deg. only for the 
Flours 6, 7, 8, 9, 10, 11, you muft put 1, 2S, a, 
5, 6, 3c. You have alfo made a North Dial de- 
lining Eaft 80 deg. and a North Dial declining 
Weft 80 deg. with only inverting the Szi/es and Fi- 
§4#res, as you are taught Page 50, in the 7th Chap- 
ter before-mentioned, and the Figure (Plage 3. fig. 
4.) may fufficiently illuftrate this alfo. 
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j - SECTION x. 


Of Declining Reclining Plains, aud how the Hour- 
lines may be defcribed on them. 


A LrHouGcuH we have elfewhere in this Book 
yi laid down feveral Methods for effecting this, 
yet in order to reduce the whole into as narrow a 
_Compafs as poffible, we thall in this Se@tion thew 
how thofe Declining Reclining Plains may be re- 
duced to new Latitudes, and new Declinations, 
and may be made by the Dire@ions given in Sea. 
8. by the Lines on the Scale. | 


EXAM P LE. 


Ir is required to make a South Plain for Lati- 
_tude 51 deg. 32 min. North, to decline from the 
_South-weftward 24 deg. 20 min. and to recline 
from the Zenith 54 deg. 

The 


Qe eee! ee 


>» 
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The Canon to fied the uéw Latitude is, 


‘As Radius | 10.00000¢0 
. To Sine Compl. Declin. 24 20 9.9595 966 
So Tang. Compl. of Reclin. 54.0 9.9612611 


Qe Que 


~~ 


Latitude of the Place Py ee 3 
Tangent found 33 30 


Remains 18 2 whofee 
Complement 71 58 is the new Latitude fought. 
Only obferve, ‘that if the Tangent be more tham 
the Latitude, the fame Pole is elevated; if lefS, ass 
hereitis, the contrary Pole is ‘elevated, ‘ard ‘con-- 
fequently, if they be equal, néither Pole is elevat-» 
ed, but it isan Equino@ial Plain. . 
_ But for North Reclinesr, i" 
Ir the Tangent laft found be equal to the Com-- 
plement of Latitude, the Plain is a Polar decliningg 
Plain; but if greater or leffer than the Complementi 
of Latitude, the Difference is the new Latitude. 


Lhe Caron to find the new Declination. 


As Radius 10.000609) 
To Sine Cotnpl. Reclin. 54 0 9.769219) 
So Sine of Declination 24°20 9 6rgo4ay 


To Sine of 14 deg. 1 min. 9.3 841633 


THIS 
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Tus 14 deg. 1 min. is the new Declination, 
therefore if it be required to make a Dial for La- 
titude 51.deg. 32 min. to ‘decline from the South- 
weitward 24:deg.-20 min. and to recline ‘from 
the Zenith 54 deg. oo min. you may proceed (by 
the Dire&tions given, Ghap.7. Page 46. of Geo- 
_ metrical Dialling, or Part 3. Se&t. 3 and 8. in Pag. 
129,-and 141.) to make an upright Dial for Lati- 
‘tude 71 58 (the new Latitude) and*to decline 14 
deg. + min. from the ‘South, (according to the 
new Declination found) that Dial hall ferve for 
the Dial required. 

Nore, The Declination’ thus found, is‘always 
lefs than the old Declination was, but is always 
the fame Way, viz. Eaft or Welt, as the old De- 
clination was. 

Bur to apply this new Dial to the Plain propo- 
fed, you mutt not place the Meridian or Hour- 
line of 12 perpendicular to the Horizon, but it. 
‘muft make a certain Angle with the Horizoutal- 
ize of the Reclining Plain, which we call the 
Meridian Afcenfion or Defcenfion, which is found 
thus : 

As Radius | 1.000000 

To Sine of Reclination 54 0 9-907958 

So Tang. of old Declinat. 24 20 9.655348 

To Tang. of 20 deg. 6 min. 9.563306 
whofe Complement 69 deg. 54 min. is the Angle 
that the Meridian makes with the Horizon. 

_ Havine thus obtained the Meridian, Afcenfion 
or Defcentfion, viz. the Angle that the Meridian 
‘makes with the Horizon, your next Work is to 
find the Pofition of the Meridian-line and Sub- 
‘tile, for which fee the three following Pages, 
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1. To know which Way the Subftilar Line off 
any Dial muft ftand from the Vertical Line of thee 
fame Plain. And, 


2. How to order your Work in the Southerri 
Hemifphere: | 


For the Firft. 
Upon all Plains: whereon. the 
f , ° ass . : : — ' boa = | 
North Pole : South Pole 


is elevated, the Subftilar muft 
ke . ME TPOom thé 


U Lower End 


pper End 


of the Vertical Line 
toward the full 


‘North South 


For the Second. 


ALL the Rules, Precepts and.Examples given in - 
this Cafe, do fuppofe you “to be in the Northern . 
Hemifphere of the World’; therefore if you 
fhould be in a Southern Hemifphere, thefe Pre- 
cepts will ferve there alfo, by only changing the 
Words North and South one into the other, as for 
South read North, and for North tead South, and 
fo Northern for Southern, and the contrary. 

For placing your Dial, draw an Horizontal 
Line upon your Plain, and fet off fo many De- 
grees by the Help of your Line of Chords, as the 
Diftance of the Meridian and Horizon is found 
to 


E mS iy “Te 
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to be, and to the right Coaft; there draw your 


-Meridian-line, then apply your Paper Draught o 


your Plain, laying the Meridian-line of your Pa- 
per Draught exaétly upon the Meridian-line (now 
found) upon your Plain, and take Care that the 
Subftile lie according to the Diredtions new given, 
and that the Stile do always point towards the 
Pole, that is elevated above your Plain, and then 


_by, pricking through your Paper, or any.other.con- 


venient Means, you may transfer. the. Hour-lines, 


ec. to,your new, Plain, and drawing the Hour- 


lines, you hayethe. Dial required. 

As for. Balt or Weft Recliners.or.Incliners, the 
reducing them, to ereét Decliners.in. other Lati-. 
tudes; and the Meridian-line in thefe,Co-inciding 
with the Horizontal-line, and having no Eleya-. 
tion or Depreffion, there is no Difficulty. in, plac- 
ing them,- when rightly made. 

Axvso North and South Incliners or Recliners, 
being. erect. direct Dials in other Latitudes, .are to 


be made as fuch and then placed in the Latitude 


propofed, with the given Reclination or Inciina- 
tion, csc. which is. eafily intelligible to every 
Capacity. | 
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How to make a Polar Dial. 


| N making-a Polar Plain, you have no more top 
do but draw a Circle, and divide it into 24 e-- 
qual-Parts for the Hours, and draw Lines from 
the Center of the Dial through thefe Divifions to» 
the Edge of the Dial, which may be round, fquare: 
or what Form you pleafe, and placing rz ‘on thatt 
fide towards the elevated Pole, put 11, 10,9, €9e.. 

of the Forenoon Hours, and 1, 2, 3, core. of the: 
Afternoon Hours fo far as you have Occafion, will! 
be the true Hour-lines of a Polar Dial. 


Example of a Polar Dial for Latitude 51 d. 32 um. 


Let the Square ABC D be your Plain, biffeé ; 
A Bine, and C Dinf, and draw ef. | 
Platext. Alfo bifle’ BCing, and AD in4,, 
Fig. 5. and draw g A perpendicular to e f5 
to cut each other in Q ; then uponQ. 
as a Cenetr, defcribe the Circle r fz #, and begin- 
ning at r, divide the Quadrant ry into fix equal 
Parts, and each of the Quadrants in the Points > 
* kK, €sc, Lines drawn from the Center Q thro’ 
thefe Marks, are the true Hour-lines in fuch a 
Dial. 

Note, A Polar Dial to be placed under the Pel, 
ought to have all the 24 Hours upon it ; but be- 
caufe a Polar Dial to be placed in any other Lati- 
tude is only a North Dial reclining equal to the 
Latitude of the Place, and becaufe in Latitude 51 


deg. 
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deg. 32 min. the Sun never rifeth till after 3 inthe 
‘Morning and always fettech before 9 at Night, 
will be fuficient in this to infert the Hours from 
4 in the Morning to 8 in the Evening. | 
Tue Stile is only a Pin of Brafs, Iron, or the 
like, fixed in the Center Q, and placed perpendi- 
cular to the Plain of the Dial. 7 


SECTION XIL | 


Of aa Equinodtial Dial. Pl. 11. Fig. 6- 
vA N Equinoétial Dial is a South Recliner in’ 


North Latitude, or a North Recliner in South: 
Latitude, equal to the Complement of Latituce, 
and is moit properly done upon an oblong Plain, 
thus ; | 
At a convenient Diftance from the Edge of 

your Plain, draw the Line B C, and parallel there- 
to near the other Edge draw the Line DE, and 
through the Middle of thefe draw F G perpendi- 
cular to them, for the Hour-line of 12. 
THen upon either of the Polar Scales marked 
(Pol.) take the Diftance from the Beginning of the 
Scale to 1, and fet that Extent from F, and alfo 
from G, both Ways to 11 and 1, on the Lines 5B 
Cand DE. Again, Extend your Compafies from 
the Beginning of your Scale to I, and fet that 
from F_and G, both Ways upon the Lines BC 
and DEto 10 and 2; take alfo the Diftance from 
the Beginning of the Scale to III, and fet from PF 
and Gto 9 and 3, and in like manner take the 
' Diftance from the Beginning of the Scale to HII, 
and fet from F and Gto 4and 8. And lafily, 
take the Diftance from the Beginning of the ocale 
| Kis 8) 
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to V, and fet from F and G to 7 and 5, (the Hom 
of 6 can never come into an Equinoétial Plain) 
then draw.the Lines 77, 88, 99, és'c. thefe arc 
the true Hour-lines on that Plaiz, 

Tue Stile may be a thin Plate of -Brafs, Irom, 
Coc. and muft ftand upon the Hour-lixe of 12, peris 
pendicular to the Plasg of. the Dial, its Top ont 
Edge that cafts the Shadow mutt be parallel to thee 
Hour-line of 12, and its Height mutt be the Di:- 
{tance between the Hour-lizes of 12 and 3, and 
then is your Dial finifhed. ! 

Or, the fame may be performed by the Help off 
a Sector, if you make the intended Height of yourr 
Stile Radius, and at that Opening fet the Tangentt 
of 15, 30, 45, 60, and 75 from the 12 a Clock 
Line both Ways to 11 ands, to 10 and 2, to 9) 
and 3, to 8 and 4, and to 7 and 5, aS you weree 
taught in making an Eaft Dial, to fet the fame: 
_ from the 6a Clock Line to the Hours of 7 andi 
5, Sand 4, &F¢.. which is fo plain, that I needi 
hot enlarge upon it. | 

Nore, Jz ches and all other Dials that foew the, 
Hour by a Stile or Gnomon, you mut allow for thes 
Lhickuefs of the Stile, tmagining the Dial to be cut: 
tm twointhe Subftile, and the Paris drawn fo far 
afunder as the Thicknefs of the Stile; for as itis im-~ 
poflible to make a Szi/e without fome Subftance in: 
Thicknefs, it will follow that the Dial would be: 
too flow, when the Weft-fide gives the Shadow, , 
and too fwift when the Ealt-fide gives it, if the 
Subfisle do not poflefs a Space equal to the Thick- 
nefs of the Stile, to contain all the Shadow of the 
Sele, when the Sun is juft perpendicular to it. 
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a CHAP. XI. 


Of Mechanick DraLiine. 


Teaching how to make any Plain Dial either direct, 
declining, tc. without the Help of Mathemati- 
cal Calculation, or any Infirument, except only a 
plain Ruler, anda Pair of Gompaffes. 


Lruowuen the Varieties of Dialling before 
treated of (viz. Geometrical, Arithmetical, and 
Inftrumental) might be thought fufficient, yet be- 
caufe this Book may come into the Hands of fome 
that have not learned fo much Geometry or Trigo- 
 nometry, as to be capable to put thofe Direétions 
in Practice, or cannot procure a Ruler with the 
Dialling Scales upon it (which is the Cafe of many 
Mafous, Carpenters, &c. in the Country.) For the 
Sake of fuch I have added this Chapter, whereby 
any Perfon that can but read and write, will be a- 
ble to draw a Dial upon any Plain, provided he 
can raife or let falla Perpendicular, and draw a 
Line parallel to a Linegiven, &¢. which is taught 
at the Beginning of this Book. 
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SECTION I. 


flow to defcribe the Hour-lines upon a Horizontal 
Dial. | 


Shall, to avoid needlefs Repetitions, forbear to. 


give any general Direét‘ons, and fall dire@ly 


upon an Example. Let it therefore be required to’ 


draw a Horizontal Dial for Latitude 51 deg. 30 
Wins. ; 

First, Through the Middle of your Plain 
draw the Line AB for the Meridiin, or 12 a 


Clock Line, and fome where near the Middle of 


it, as at Q, crofs it at right Angles 


Plate 12. with the Line 66, then with any Ex- . 


fig. 1. ~ tent of your Compaffes, and one Foot 
in the Center Q, with the other de- 
fcribe the Quadrant EB, which divide into 90 
Parts thus; /i/?, With the fame Extent of your 
Compaffes, with which you fwept the Quadfant, 
and one Foot in B, fet the other towards E, and 
there make a Mark, for that is 60 deg.. then with 
the fame Extent and one Foot in E; fet the other 
towards B, making alfo a Mark, thus is the Qua- 
drant divided into three équal Parts, cach. contain- 
ing 30 deg. Divide each of thefe Parts again into 
three equal Parts, then each of thele laft Divi- 
fions into two-equal Parts, each of which will be 
s deg. And laltly, divide each of thefe laftinto 
§ Parts, fo will the Quadrant be divided into 90 
equal Parts or Degrees, 
rik | how 
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Now becaufe the Latitude propofed is 513 de- 
grees, count 513 of thofe 90 deg. from B towards 
-_E, which will reach to Z; then from the Center 
~ Qdraw the Line Q Z for the Stile; affume a 
Point any where at Pleafure, in the 12 a Clock- 
line, as at C, through which draw the Line L F 
parallel to the Line 66; this laft Line we will for. 
DiftinGtion call the Tangent-line. Place one Foot 
of your Compafies in the Interfection of the Me- 
ridian and Tangent-line, as at C, and with the o- 
ther take the neareft Diftance to the Stile Q Z, and 

_ keeping one Foot ftill in C, turn the other about 
till iecut the Meridian-line in D; then upon Das 
a Center, with the fame Extent D C, draw the 
Semicircle H C G, and draw the Diameter H D 
G parallel to LF, then with the fame Extent, 
~. with which you draw the Semicircle, and one 
Foot in C, turn the other Foor both Ways to- 
wards Hand G, and there make Marks, alfo with 
the fan.e Extent, and one Foot in G, turn the other 
towards C, and where it falls upon the Semicir- 
cle make a Mark ; then. with the fame Extent, 
-and one Foot in H, turn the other towards C, and. 
therealfo make a Mark, then is the Semicircle di- 
vided into 6 equal Parts; divide each of thefe 

_ Parts into two, and then ic will be divided into.12 
equal Parts ; lay a Ruler from D, th¢ Center: of 
the Semicircle, over every one of thefe Divifions, 

it will cut the Dangent-line in the Marks * * *, 
épc. And Laffly, From the Center Q draw 
Lines through the Marks ***, és’¢. in the Tan- 
geut-line, they fhall be the true Hour-lines of the. 

Ee See, 

Tg you defire to have the half Hours and Quar- 
ters, you muit divide each of the 12 Divifions of 
your Semicircle into Halfs and Quarters, and 
transfer them tothe Tangent-line, and from thence 


from 
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from the Center to the Dial, as you did the Hour. 
lines. 

Tue Lines being thus drawn, place I2 at the 
Middle or Meridian-line, and proceed towards the 
right Hand with 1,2, 3, 4, 5, (9c. and towards 
the left with 11,10, 9, 8, és’. and for the Hours 
of 4.and 5 in the Morning, and 7 and 8 at Night, 
they are found by continuing the Hours of 4 and 
5 in the Afternoon, and 7 and 8 in the Morning, 
quite through the Center, as you fee in the Fi- 

ure. 
: TE Szi/e is to be a thin Plate of Brafs, or the 
like, made in the Form of the Triangle B Q Z, 
to be erected perpendicularly upon the Line QB, 
the Side Q B of the Stile, upon the Line Q B, 
ana the Angular Point at Q, and then is your 
Dial finithed. 


CES RD Go MOSS et OR Shas HB le 


SBCLELTON I. 


flow to defcribe Hour-lines upon au Ered Dire 
South Dial. Plate 12. Press 


LE T’ it be required to defcribe.a South Dial for 
Latitude 51 deg. 30 min. 

firft, Through the middle of the Platz draw 
the Line A B, and at the upper End thereof, as 
at A, crofs it at right Angles, with the Line 6 A 
for 6 a Clock, or an Eaft and Weft Line; then 
with as large an Extent of your Compaifes as your 
Plain will admit of, and one Foot in A, defcribe 
the Quadrant B C, which divide into 90 Parts or 
Degrees, as you were taught Seat. 1, of whieh fet 
| 3% 30 
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38, 30 the Complement of the Latitude from B to 
: E, and draw AE for the Stile, then affume a 
| Point at Pleafure in the Line A B, as at F’, ‘thro’ 
_ which draw the Line O F H, perpendicular to A 
_Bfor a Tangent-line ; with one Foot of your 
+ Compaffes in F, with the other take the neareft 
| Diftance to the Stile A E, and keeping that Foot | 
—ftillin F, turn the other till it cut the Meridian- 
‘line AB in G, then letting that Foot reft in G, 
wich the other defcribe the Semicircle I ‘is L, 
_woaich divide into 12 equal Parts, as you were 
taught to divide the like Semicircle in Sed. 1.. of 
| pi Chapter. Lay a Ruler from G, over the e- 
qual Divifions in the Semicircle, and it will cut 
4 foe Tangent-line O F H in the Marks * * *, fe. 
. Laftly, Draw Lines from the Center A through 
ithe Marks ***, €s. in the ‘Vangent-line, they 
,fhall be the true Hour-lines of the Dial. : 
~ Havine thus finithed the Hour-lines, place 12 
at the End of the Line A B, and (fuppofing the 
Dial to face the South, and your Face towards it) 
proceed with 1, 2, 3, (9c. towards’ the right 
»Hand, and with 11, 10, 9, é¢. towards the left 
‘Hand, - always obferving that a Sou¢h Dial can ne- 
ver contain any more Hours than thofe from 6 in 
| the Morning, to 6 in the Evening. 

Tue Szle may be a Plate of Brafs, or the like, 
in Form of the Triangle, BA E, the fide BA 
to be fet upon the Line BA perpendicular to the 
Plain of the Dial, the Angle of the Stile being 
juft at the Center or Point A of the Dial, and 
then is your Dial finithed. 


SECT- 


* 
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SECTION IIL. 
Of au Ered Direct North Dial. 


HE Ere& Dire North Dial is made by the 

fame Rules asa South Dial is made, the Hour- 
lines and Stile being the fame, only ina North 
Dial the Stile points upwards, making alfoan An- 
gle with the Plain of the Dial, equal to the Com- 
plement of Latitude; and for the reft obferve. _ 

1, J’o put no more Hours than are of Ufe, as 
at Loxdow, 4, 5, 6, 7, 8; in the Morning, and .4, 
5, 6, 7, 8, in the Evening, the Sun never fhining 
ona North Plain at any other Hours. 

2. THAT (though the Divifions are the farne) 
the Hours, which on the South Dial are marked 6, 
7, 8, in the Morning, muft onthe North Dial be 
marked 4, 5, 6, in the Morning ; and the Hours 


of 4, 5, 6, in the Afternoon, muft be 6, 7, 8, in: 


the Evening. 

3. BECAUSE upon a Soxzth Dial you never draw 
any Hour before 6in the Morning, or after 6 in 
the Evening ; butthe North Dial (at Luwdon) takes 
in 4 and 5 in the Morning, and 9 and 8 in the E- 
vening: Therefore to fupply that on the North 
Dial, you need but continue the Hour-lines of 4 
and 5 in the Afternoon quite through the Center, 
and that gives you the Hour-lines of 4 and 5 in 
the Morning on the oppofite Side, and the Hour- 
lines of 7 and 8 alfo continued, gives you the 
Hours of 7 and 8 in the Evening. 
| 4. AS 
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4. As for what Hours are neceffary to be put 
upon a North Deal in any other Latitude, I fhall 
refer you to the Table (Page 190.) with its Ex- 

planation immediately following; there you have 
the Length of the Lozgeft Day in all Latitudes, 
whereby you may find the Sun’s Rifing and Set- 
ting in all Latitudes, and confequently know 
what Hours in the Morning or Evening are pro- 
per to be put upon a Norzd Dial, it being fuper- 
fluous to put on the Hours before Sun-rife, or af- 
ter Sun fet. 

5. Ir a North Dial for any given Latitude be 
required to be made, take a Sheet of oyl’d Paper, 
and proceed in all Refpeéts by the foregoing Di-. 
rections to make a South Dial for the Latitude 
propofed, (only you may fave the Labour of 
working for the Hours that you know will be of 
no ufe) which done, turn the Paper over, taking 
that End towards you which ‘was fartheft from 
you, and you will fee through the Paper. the true 
North Dial required, which I think will not need 
any further Explanation. 


ROR SEORSO ROBE UI EUA EO ERKOEO EOE 


SECTION IV. 


How to deferibe an Ered Direct Eaft Dial. 
Plate 12. Fig. 3. 


Havre prepared your Plain W X Y Z, whe- 
ther Wood, Brafs, és’c. Draw towards one 
Side of it the Line A B parallel to W Z, and 
in that Line chufe a convenient Point towards the 
upper End thereof, as C, upon which as a Center, 
with any Extent of your Compaffes defcribe the 
Arch 
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Arch D E, upon which from E, fet off theCom-- 
plement of Latitude, which in this Example we 
will fuppofe to, be Latitude 54 deg. whofe Com-- 
plement to 90 is 36, fet off therefore 36 deg. from) 
E to D, and draw TDC for the Axis of the World,, 


then crofs this Line at right Angles with the Line: 
CF, drawing C F both Ways to the Edges of the: 
Plain; chufe-any- convenient Point in the Line C! 
_ F, as at 6, from which draw the Line 6 6 paral-. 


lel to C D for the Subftile and Hour-line of 6, 
(which in Eaf or Weft Dials are always the fame) 
continue the Line. 6 6 at Pleafure, as to G, with 


the Extent from G to, the Line C F, keeping one. 


Foot of the Compafies in G, with the other de- 
{Cribe. the Semicircle Q R, which divide into 6 e- 
qual Parts. both Ways from the Line G 6, and 
laying a Ruler from G over thefe Divifions, it 
will cut the Tangent-line C F in the Points * * *; 

Sc. from every. one of which Marks draw Lines 
parallel to C D, they fhall be the Hour-lines re- 


quired, which (beginning-at 6) muft be numbred, | 


upwards with 54, and downwards with 7). B» Qe 
10, 11, the Hour of 12 can never come into an 
Faft Plain, becaufe at that-Hour the Sun being up- 
on the Meridian, is juft upon the Edge of the Plazz, 

Tue Stile is’ thin Plate to be fixed upon the 
Hour-line of 6 perpendicular to the Plaiz of the 
Dial, being from End to End, equally of the 
Height of the Line G 6, the Extent with which 


you drew the Semicircle, : 


SEC- 
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SECTION V. 


Of an ered dire Weft Dial, 


AN ere& dire Weft Dial is. deferibed in all re- 
“™ {pects by the Rules given for the Egf Deal, 
Only appear differently, in two Particulars. 

1. lux Eat. Deal is elevated towards the Left 
Hand, but the Heft Dial is elevated towards, the 
Right Hand, as the Haff Dial would appear, if feen 
through the Paper, the Divifions being alfo exactly 
the fame. 

2. WHEREAS, the Ea/? Dial contains the Fore- 
noon Hours, and is numbred from the upper Part 
downwards, with 4, 5, 6, 7, 8, 9, 10,11, the Weft 
Dial.contains the. Afternoon Hours, and is: num- 
bred from the lower End upwards, with 1, 2, 35 
4, 5,6, 7, 8, the Stile being the fame, and ftand- 
ing. upon the Hour line of 6 in both. 


bor the igure of a Welt Dial, fee Plate 3. Fig. 2. 
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: tap to def{cribe the Hour-lines, &c. upon an Erect 
| South (or North Dial) declining Eajt. 


A lrsovuen we have given Dire&tions (Chap. 2. 
Page 34.) for finding the Declination of any 
Plain, yet thefe Directions requiring fome Know- 
ledge in Aftronomy previous to the Practice of 

them, 
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them, and this being defigned for the Ufe of thofee 
‘that have not acquired a fufficient Knowledge im 
the Mathematicks, I fhall give a Method, where-- 
by (inechanically) to take the Declination of anyy 
Plain, as followeth, | 
. Take a fine Board of Wainfcot, or the like, off 
about a Foot fquare, or more or lefs at Pleafure,, 
and plain it very Fine, or elfe paftea Sheet oft 
{trong whice Paper very {mooth, on one Side off 
it, as you fee in the Figure, the Board reprefented| 
byA BCD. From the middle of the: 
Plate 12. Side A B, eres the Perpendicular x y’ 
Fig. 4. z, and in the middle thereof, as at y,, 
| place one Foot of your Compaffes, and | 
With the other point at feveral different. Extents,, 
draw the Concentrick Circles, as you fee in the Fi-. 
gure, ‘(it matters not what Diftance they are from 
each other, or whether they be equally diftant a-- 
mong themfelves). this done, ereét a fmall Pin of ' ; 
3 or 4 Inches in Length, exa@tly perpendicular in 
the Center of the Circles, and then is your Inftru- | 
ment ready for ufe. . 7. 
Nore, If you are doubtful of your Performance | 
in eregting the Pin exactly perpendicular, you may - 
Place the Pin before you make the Circles, and - 
then with one Foot of your Compaffes in the mid- ° 
dle of the Top of the Pin, with the other defcribe 
the Circles as before, and then you are fure 
that the Middle of the Top of the Pin, where 
you placed your Compaffes, is perpendicular to 
the ({uppofed) Center of the Circles, whether the 
Pin be perpendicular to the Plain, or no, and then 
draw a Line perpendicular to the Side A B, and to 
cut each Circle exagtly in two Parts, proceed to 
make ufe of the Inftrument, as followeth. 


PLACE 
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Prace the Inftrument exactly parallel to. the 
‘Horizon, with the fide A B againft the Wall or. 
' Plain, whofe Declination you defire to know, and 
then about 7, 8 or 9, in the Morning, (when the 
Sun is ‘clear of the Refraétion of the Horizon, 
-and before 10 or 11%# Clock, becaufe then the 
Sun rifes but flowly) obferve which of the Cozcen- 
trick Circles the Top of the Shadow of the Pin 
“cuts, and where it cuts it, and there makea Mark. 
This done, let your Inftrument ftand un-removed 
“till the Afternoon, and then wait till the Top of 
“the Shadow cuts the fame Cérc/e again (for all the 
“Time between the Obfervations the Top of the 
“Shadow will cut the inner Circles) and there _ 
“where it cuts the fame Circle make a Mark, then 
‘divide the Space between thefe two Marks into 
‘two equal Parts, and in the exact Middle between 
them, on the fame Circ/e, make another Mark , 
for that fhall be the true North Point ; then (as 
you were. taught in Sed. 1. of this Chapter, or by 
‘the help of a Line of Chords on a Sector, if you 
have it) find how many Degrees are contained be- 
‘tween the laft Mark found, and the Point whére 

the Line x yz cuts the fame Curcle, for that is 
the Declination of the Dial; and if the Mark laft 
found falls on the Eaft-fide of the Line x y z, the 
Dial declines Eaft, if on the Weft-fide, it declines 
Welt, but if the Line be juft in the Middle be- 
tween the two Marks, it is atrue South Plain, and 
hath no Declination at all. | 

Nore, In your Morning and Afternoon Obfer- 
vation, as above, you need not regard the Hour 
of the Day, nor the Sun’s Altitude, fo asto know 
“what they are, but only obferve the two Points, 
where the Top of the Shadow cuts the fame Cir- 
cle as before, and if at your firft beginning in the 
- Morning, the Top of the Shadow doth not fall 
a soa. exactly — 
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to another, vz. from the greater to the lefler. anc 
the contrary at his falling in the Afternoon. 
HAvinG thus found ge Declination of th 
Plain, your next Work is to proceed to make thi 
Dial, which for an Example, hall be a Soutt 
Dial, deciining Eaft godeg. for Latitude 54. deg 
‘oo min. 
Ix performing the Work of this one Dial, youu 
have alfo made three more, as is farther demoni- 
ftrated Page 50 and 51, and Plate 3. Fig..4. too 
Which I fhall refer the Learner for farther Inftruc:- 
tion in that Variety : But of thefe four the Soutkh 
declining Eaft is that in the lower Part of thee 
Projection, for making of which, firft, towardss 
the upper part of your Plain, draw the Line EF: 
W for the Eaft and Weft, or Horizontal-line, ini 
‘Which chufe a Point, as at A, for the Cexter off 
. . your Dial, upon which: defcribe the Se-: 
Plate 12. micircle' Z M E. Through the Point; 
Fig. 5. A, in the Horizontal-line E A W, and] 
at Right Angles to it draw the Line Ai 
M, which divides the Semicircle ZM E into two). 
Quadrants, of which that towards the left Hand, , 
vz. the Quadrant A Z M, ferves for our prefent! 
Purpofe, becaufe the Dial declines Eaft, and con-- 
fequently the Subftile, é6°c, falls in that Quadrant : 
Therefore, fet qo deg. (the Plain’s Declination) | 
from. M towards Z, upon the Arch M Z, and 
through the Point where that falls, and from the 
Center A, draw A D the Line of Declination, 
then fet the Complement of Latitude, vz. 396 
(Secaufe the Latitude is.54, and its Complement 
tO 90 is 36) from M the fame Way upon the 
fame ‘Arch, and thro’ the Mark where that falls, 
and from the Center A, draw the polar Line A P, 
then 
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then affume a Point at pleafure in the Florizontal-* 
ime \N AE, ataconvenient Diftance from A, 
as at B, and from thence draw a Line paral- 
lel to AM, to cut the polar Line A P in P. 
From P draw a Line parallel to the Aorizonral- 
lize W AE, as the Line PC. Take the Di- 
ftance A B upon the’ Horizontal-line, and fet on 
the Line AD from A to D, ‘and ‘through D 
draw a Line parallel.to A M, to come into the 
Ftorizontal-line at R, ‘and continue it through 
Dorill it cut the Line PC in S, ‘a Ruler laid 
from A to S, and ‘the Line A'S drawn thereby, 
is the Sub/tile of ‘the Dial. Then at the'Point'S 
erect a Perpendicular to the Line A S, as the Line 
ST. Set the Diftance R D from S to T, and 
draw the Line A T, fo hall the Triangle SAT 
reprefent the Stile of the Dial; for a Triangular 
Plate in that Form, ereéted perpendicularly upon 
the Subfiile AS, fhall by its upper fide A T caft 
a Shadow to the Hour of the Day, when the 
Hour-lines are drawn, which is the next Thing 
to ‘be done. 
For drawing the Hour-lines, affume a Point in 
the Szb/tile at pleafure, through which, aid ‘at 
Right Angles with the Swb/file, draw the Tan- 
“gent-line FF as long as you can, and fetting 
one Foot of ‘your Commpafies, where the T'an- 
gent-line cuts ‘the Szfitlar, take with the other 
the neareft Diftance to the Stile, or Line A T, 
and with the fame Extent, one Foot remaining ‘iin 
the Point of Interfe€tion, with the other find the 
Point /E in in the S#s/fiile, and with the fame Ex- 
“tent (one Foot'refting in AB) defcribe the Semicir- 
clem n; ‘this doe, lay a Ruler from A, (the 
‘Center of the Semicircle) to the Point where: the 
“Tangent-line E F ‘cuts the Meridian AM, as at 
QO; begin-at O to‘divide the Semicircle into 12 
Ss I equal 
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equal parts, at every one of which make a Markk 
Then. lay a Scale from /E, the Center of the See 
micircle, over the faid. Marks, it will cut thh 
Tangent-line in the Marks * * * *, 5c. And laftt 
ly, lay a Scale from A, the Cénter of the Diail 
over thefe Marks * * *, Gc. in the Tangent-line 
and Lines drawn thereby will be the true Hourr 
lines of that Dial. — 

In this, as in a South Dial, the Hour of TE: 
is at the Meridian, or middle Line of the Diail 
and the reft numbred forwards with 1 2, and backs 
wards towards the left Hand with'z I, 10, 9, 8, 77 
6, 5, 4, as you fee in the Figure. 
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SECTION VIL 


Of Dials declining from the South Weftward. Plats 
12, Fig. 5. | 


HIRST, Draw the Horizontal-line W A E, an« 
- upon the Point A in the middle of it, as a Cez: 
ter, defcribe the Semicircle Z ME, as you fee 
taught in the laft Seétion for Dials declining from 
the South Eaftward, and draw A M perpendicular 
to W E, which will divide the Semicircle ‘ZW 
E into two Quadrants ; and as in the South Fai! 
declining Dial, the Quadrant A 'Z M was of ufe: 
fo in this the Quadrant A E M muft be made uft 
“of, becanfe in it the Sw/f/le and other Parts of the 
Work neceffarily fall, and there is no Difference 
in the Operation, only inftead of fetting from A’ 
or M, &c. to the left Hand in the laft, you fe: 
; from 
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from A or M, és. to the right Hand in this ; fo 
that if the laft had been drawn upon oyl’d Paper, 
or any other tranf{parent Thing, fo as to be feen 
through on the back fide of the Paper, it would 
be exaétly a South Dial déclining Weft, as far 
“as the other did Eaft, and for the fame Latitude 
only, the 11 muftbe 1, and the 10 muft be 2, 
and fo in the reft, and the North Decliners are al- 
fo deduced therefrom, as is taught at large Page 
30 and. 51, before-mentioned. 
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SECTION VII. 
Of Eaft or Weft Reclining or Inchuing Dials. 


AbtHouss we have given Dire&ions (Page 
¥25,) fOr reducing Eaft and Weft Recliners | 
for any given Latitude to new Latitudes and 
new Declinations, and fo may be performed by 
- the Direétions given in Sect. 6 and 7. of Mecha- 
nick Dialling, yet I fhall here, for the Learner’s 
Improvement, fhew how they may be done Me- 
chanically, without any fuch Alteration, whether 
they be Eaft or Weft, Reclining or Inclining. 

Ir will be neceffary firftto premife, that Eaft 
and Weft Recliners have their Centers near the 
Bottom, and inthis the Incliners of both Sorts 
have their Centers near the Top: The Weft Re- 
cliner and Eaft Incliner fhould have their Centers 
toward the right Hand, and the Weft Incliners 
and Eaft Recliners have their Centers moft com- 
modioufly towards the left Hand: Therefore, 

Suppose I would make an Eaft Dial to recline - 

45 deg. for Latitude 54 deg. ton 
| L HAVING 
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HAvinG prepared my {quare Plain W X Y Z@ 
I confider by the foregoing Rules 
Plate 12. where I may moft conveniently chuft 
Fig. 6. my Center; and I find firft, that alll 
Recliners both Eaft and Weft, havre 
their Centers at or near the Bottom; and fecondi- 
ly, I find that Eaft Recliners fhould have theiitr 
Centers moft towards the left Hand; therefore aut 
the Bottom of the Square W X Y Z, drawithee 
Line S N for the Meridian, in which, not at thee 
_ Middle, but rather towards the left Hand, as at Ai, 
I chufe the Center, and from A perpendicular too 
the Line S N, draw A E; alfo with one Foot off 
your Compafles in A, defcribe the Quadrant T U,, 
and fet off-45 Degrees (the Reclination of thee 
Plain) from T towards U, and through that Pointt 
i the Quadrant where the 45 Degrees end, andi 
from the Center A draw the Line AO. Alfo fett 
off upon the fame Quadrant from T, the Com-- 
plement of Latitude 36 Degrees, and thro’ thee 
Point where that reaches upon the Hadrant andi 
from the Center A draw the Line AP; then ini 
the Meridian Line NS chufe a point at pleafure,, 
as B, and from that Point draw a Line parallel 
to A E, which will cut the Line A Pin P. From 
that Interfection at P, draw a Line parallel to the: 
Meridian-line S N, to come to the Perpendicular’ 
A Ein C; and alfo from the Line A O in O), 
take the Diftance A O, and fet upon the Perpen-- 
dicular A E, ‘from A to E, and draw E G paral-- 
Jel to S N, which will cue BP continued in G ;; 
fet alfo the Diftance C O from A to Q, upon the: 
Line A O, and draw the Liae QR parallel to Bi 
P; take alfo in your Compaffes the Diftance A 
R (from the Line S N) and fet it off upon the: 
Line G B, from-G to §, a Line drawn from A. 
-#0S fhall be the Sud/file of the Dial. Draw SM 
‘ per-- 


' 
| 


i 
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perpendicular to A S, and take in your Compaffes 
the Diftance Q R, and fet from S to M, and lay- 
ing a Ruler from the Center Ato M, a Line 
drawn by it fhall be the ftilar Line, the Triangle 
AS M reprefenting the Szsle, which being erected 
perpendicular to the Plain of the Dial upon the 
Subjtile A'S, thall give the Hour by the Shadow of 
its upper Edge, which will be parallel to the Axis 
of the World. » 

For drawing the Hour-lines, chufe a Point at 
pleafure in the Subftile AS, and through that at 
right Angles draw the Tangent-line I K as long 
as you can, and with one Foot of your Compaf- 
fes in the Point where the Tangent-line I K croffes 
the Suab/tile AS, take with the other the nearett 
Diftance to the Szile A M, which done, (keeping 
the other Foot yet in the aforefaid Interfection) 
turn the Compafles about, till it cuts the Stile A 
S, as in AE, and fixing that Point in AS, with the 
other at the fame Extent defcribe the Semzcircle In; 
draw a Line from A‘ the Center of the Semicircle, 
to the point where the Tangent-line I K, cuts the 
Perpendicular, and obferve where it cuts the Semi- 
circle, and there begin to divide it into r2 equal 
parts. A Ruler laid from /© over the equal Di- 
vifions of the Semicircle, will cut the Tangent- 
line I K unequally in the points * * *, és. And 
Laftly, a Ruler laid from the Center A to thefe 
Marks * * *, éc. in the Tangent-line, and Lines 
drawn thereby, fhall be the true Hour-lines re- 
quired. | | 

Tur Line S N being the Meridian and Hour- 
line of 12, you muft place 12 at the End of ir, 
‘and the’ reft 11, 10, 9, 8, -7, 6,.5, 4; a8 you fee 
in the Figure | . 

In drawing this, you have in Effect drawn three 
maore ; aS, | 
eS 1. IF 
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1. If it was turned upfidedown, the fan 
fide isa Weft Dial inclining 45 deg. only ti 
Hours are for the Afternoon, as for 113 put 1, fé 
yo 2, and then the Swd/file will confequently | 
as much on the right Hand of the Perpcndict 
lar, aS now itis on the left. 

2. If it was drawn on oyl’d Paper, the bacl! 
fide would be a Weft Dial reclining 45 deg. onil 
the Figures inftead of 12, 13, 10, 9, és. muft th 
e261, woehere. : 

3. Ir the Meridian-line S N be turned upward! 
the Back-fide will be an Eaft Dial inclining 45 «d 
-and the Figures, as they are, only the Subftiil 
muft be as far to the left Hand of the Perpendicw 
lar A E, as now it is on the Right. 


HAMAS a Aaa Oar wacaeneeyn 


SEsGelh HON AX. : 


(| 
Of Dire South or North Plains Inclining or Ree 


ching. 


in is needlefs to give any DireGtions about dil: 
rect North or South Reclining or Inclinings 
Dials, becaufe they are ere& dire& North or Souti: 
Dials in fome other Latitude ; and how to reduce 
them to fuch, you are fully taught in Sed. 5. on! 
Inftrumental Dialling, Page 192, 193,194, anc 
when they are reduced to dire&t North Dials in ann. 
other Latitude, they are made by the Directions: 
given, page 218, and 220, to which (to avoid Rez 
petitions) I fhall refer the Learner in this Cafe. 
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SIS I SIDS PSI SID RI. LISI SIRI 


SE Esl ON oe 


To deferibe the Hour-lines upow a South or North 
; Iuchning, Declining, ow Reclining Plain. 


ag HESE Dials, though different in Situation, 

“are the fame as to the Method of Projection ; 
for the South Inclining Declining, and North In- 
Clining Declining, as alfo the South Reclining De- 
Clining, and likewife the North Reclining Decli- 
ning, are the fame, only differently placed, and 
"are to be projected by the following Rules. 

Note, You are taught in Sed. 10. of Lefirz-— 
mental Dialling, Pag. 205. how to reduce (Plate 
12. Fig. 7.) any Declining Reclining Dza/, for any 
given Latitude, to a new Latitude and new Decli- 
nation, where it will be an upright declining Plaza ; 
which being done, you may proceed according to 
the Dire€tions given in Sed. 6. of Mechanick Dial- 
limg Pag. 223 to 228; but becaufe that requires Zri- 
gonometrical Calculation for finding the new Lati- 
tude and new Declination, (which we fuppofe 
fome Mechanicks are not capable of ) I shall thew 
how it may be done without any Trigonometrical 
Operation whatfoever. 

I fhall inftance in a South Dial declining Eaft 
26 deg. and inclining 36 deg. for Latitude 51 d. 
30 min. 

Draw a Line on the upper-fide of your Plaz 
parallel to the Horizoz, which mark with E W 
viz. (becaufe the Dial faceth to the Southward) 
put E at the right Hand for. Eaft, and W at the 
| L 3 left 
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left Hand for Weft ; affume a Point in the Lim 
E W, as at A, fora Center, upon which, witt 
any Extent of your Compaffes, (the longer thi 
better) draw the Quadrant x y, and through x draw 
the Line A x X perpendicular to W E; divide th 
Quadrant into 90 Degrees, as you are taught iil 
Se#. 1. of this Chapter, Page 216. or by a Lim 
of Chords (the making of which I fhall fhew heree 
after) which is much more expeditious, and upopr 
thefe Degrees of the Quadrant, fet from x tho 
Complement of Latitude 384 deg. the Declinas 
tion 26 deg. and the Inclination 36 deg. makiny 
Marks in the Quadrant where thefe Degrees fhall 
fall, and through thefe Points. in the ee 
and from the Center A, draw the Lines Ab, &# 
e, and Ad. Thenchufe a Point in the Line 
W, towards the Quadrant, as at B, from whicth 
draw a firait Line perpendicular to E W, or pa 
rallel to A X, asthe Line BP, tocut the. Line 
A d (the Line drawn from the Center A througtt 
the point where the Complement of Latitudee 
reaches in the Quadrant) in the point P, and thro!’ 
that Interfection at P draw the Line PC paralleil 
to W E, which will cut the Line of Inclinatiom 
Ae inO. Take in your Compaiies the Extemae 
A O, and fet.on the Line A x from A to F, andé 
through F draw F G parallel to P C;_ then takee 
in your Compafles the Extent C O, and fet it om 
the Line A X, from A to L, and draw L D pa- 
rallel to W E, to cut the Line of Declination Al 
bin D. Set the Diftance A B from A to V, up-- 
on the Line of Declination A b, and from V dra wr 
WV K parallel to W E, tocut the Line A X in-K.. 
Take in your Compaffes the Extent V K, and fett 
off upon the Line G F, (but on the contrary Sidee 
of the Perpendicular) from F to M, and draw M Ny 
‘parallel to AX, to cut the Line W E inthe points 
N. Theni 


ee 
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‘N. Then becaufe the Plain is a South Lucker, 
(or if it had been a North Reelver it had been the 
fame) take in your Compaffes the Diftance L D, 
and fet upon the Line F G, from F to H, for a 
Meridian-line, or the Hour-line of 12; take in 
your Compafies the Diftance A L, and placing 
one Foot in K, extend the other to the Point X ; 
then take the whole Diftance A X, and fet upon 
the Line of Inclizatioz A e, from A to Q, and 
from Q draw QR parallel to B G, to cut the Ho- 
rizontal Jine W E in R; take in your Compafies 
the Extent A R, and with one Foot in M, extend 
the other in the Line MN to the Point S, and 
draw the Line A S$ for the Subftile, and draw S 
‘'T perpendicular to AS, and upon the Line S 
M fer the Diftance QR from S to T, and draw 
the Line A T for the Stile, fo thall the Triangle 
A.S T reprefent the Stile to be ereéted perpendi- 
cular to the Line AS, and to ftand upon thar 
Line, the Side A T being parallel to the Axis of 
the World, and its Shadow upon the Hour-lines 
determining the Hour of the Day. : 
. For drawing the Hour-lines upon this Dial, 
chufe a Point in the Subftile AS, and through that 
Point, and perpendicular to AS, draw the T’an- 
gent-line E g to cut the Subftile A'S in the Point 
h, take the neareft Diftance from the Point of In- 
terfection at h to the Stile A T, and keeping one 
Foot in bh, turn the other about to the Point 4%, 
in the Sub{tile A'S; then keeping that Poot in 4, 
with the other draw the Equinodtial Circle to 
touch the ‘T'angent-line ; then lay a Ruler from 
ZE the Center of the Equinoétial-line, to the Point 
where the Tangent-line cuts the Meridian-line A 
H, as in the Point ©, and obferve where that Ru- 
ler cuts the Equinoétial Circle, and from that Point 
begin.to divide the Semicircle into 12 equal Parts, 
0 Lait. as 
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as you were taught, Page 217. and then, as yom 
_ have been formerly taught, lay a Ruler from thee 
Center of the Equinoétial. at AE over the equall 
Divifions in the Circle, and obferve, where it cuts 
the Tangent-line, as inthe Points % + >k, ése-, 
And laftly, Lines drawn from the Center A thro’’ 
the Marks >k >k -K, é5’¢. fhall be the true Hour-- 
lines of that Dial. 

For numbring the Hours, place 12 at the Me-- 
ridian-line at H, and 1, 2 towards the right Hand,, 
and 11,10, 9, ¢xc. towards the left.Hand as farr 
as the Hours extend. 

Note, It is beft in drawing this or any other: 
Dial, to draw all the preparative Lines with Char-- 
coal, or Black Lead, or the like, that they may be: 
_ taken clean out, when you have put on the Hour-: 
lines, and fuch other Furniture, as you think fit: 
to put upon your Dial. 

I might proceed to fhew the Method of mak-. 
ing Inclining Dials declining from the South-weft-- 
ward, as alfo North Recliners declining Eaft and 


Welt, but they being all, (with a little Confide- | 


ration) included in this, I fhall only for the mak- 


ing of them give thefe general Rules. | 

1. An Incliner declining from the South-Eaft- 

ward, is what we have juft now fpoke of. 
2. THE Incliner declining to the South-weft- 
ward, is done by the fame Dire@ions, only. the 
Quadrant which’ in the Eaft Decliners is on the 
right Hand Quarter below the Horizon, mutt in 
the Weft Decliners, or thofe that decline from the 
South-weftward, and alfo incline, be in the left 
Hand Quarter below the Horizon or Line W E, 
which may be beft conceived by fuppofing this 
Dial to be drawn on oyl’d Paper, and looking 
through the Paper, that which on the right Side of 
the Paper was an inclining Dial declining from 
the 
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_ the South-Eaftward, will, (looking thro’ the Pa- 

per) be an inclining Dial declining from the south 
Weltward, ésc. : 7 

3. A North declining Eaft Recliner is the fame 
of a South declining Eaft Recliner, only the Ho- 
rizontal-line W E muft be at the Bottom of the 
Dial, and the Quadrant defcribed thereon upon the 
Center A, muft be above the Line E W,. and to- 
wards the left Hand, and may be reprefented by a 
South declining Eaft Recliner turn’d Bottom up- 
wards with the fame Side towards you as before. 

4. A North declining Wett recliaing, is the fame 
with a South declining Weft. inclining, only (as 
before) the Horizontal Line E W mutt. be at the 
Bottom, together with the Center of the Dial, and 
the Quadrant muft be above the Line, and towards. 
the right Hand, and may be reprefented by the 
Dial already defcribed, if imagined to be done up- 
on oyl’d Paper, and feen through being turned 
Bottom upwards; but of this fee more, Chap. 27- 
Page tro and 111, ; 

Note, The Hours on the North Dials muit be 
numbred the contrary Way to thofe of the South 
Dials, and for what Hours to put uponany North | 
Dial, whether declining, reclining, tc. ce Chap. 
1, Sect. 10, Page 189.. | | 

{ have not drawn the Hour-lines in the Dial now 
defcribed, left it fhould too much confufe the. 
Scheme, it being eafly to imagine, where they will 
fall,. when drawn from the Center A thro’ the. 
Marks * -& %, sc. in the Tangent-line.. 
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A very plain and eafy Way to make a Dial, that foall! 
give the true Hour by Reflection ou a Cieling,, 
where the direct Beams of the Sun can newer come, , 

_ and fhall reprefent the Sun’s Motion as true and! 
regular within the Houfe, as his natural Motion is: 
without, provided the Window open to the South- 
ward, or [9 that the Suu may fine in or near it. 


aly AKE a piece of clear Looking-glafs, about 
three Quarters of an Inch broad, and fix it in 
a Window that looks to the Southward, (the near-. 
er the-Out-fide of the Window that it ftands, the: 
longer the Sun will fhine upon it,, and therefore: 
it would be better to make fome Conveniency to- 
place it upon, quite without the Window, that | 
the Sun may fhine upon the Glafs as long as it 
fhines upon the Wall) and take care to place your 
Glafs very exaétly parallel to the Horizon, for if’: 
you miftake in that, you throw all the Work amifs. 
This done, hold aThread with a Plummet exactly 
over the Glafs, and obferve where the Shadow of 
the Thread falls upon the Floor exa@tly at Noon, 
and there draw a Line quite crofs the Floer as far 
as you can, for this will be a true Meridian, or 
North and South Line; but if you have the Op- 
portunity of a good Clock, Watch, or Dial, you 
may find the true North by the Dire€tions given, 
Page 224, and225. and having by any Means 
found the true North from the Glafs, and thereby — 
defcribed a Line upon the Floor, or (which is the 
* fame) — 


q 
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fame) ftretch’d a Thread direétly North from the 
Glafs; take a Thread and Plummet, (the Plum- 
met having its lower End brought to a Point) and 
holding your Hand up again{t the Cieling, with 
the Thread in your Hand, and the Plummet play- 
ing freely, move your Hand to and fro, till the 
Point of the Plummet reft over or upon che Thread 
or Meridian-line before found, and there where 
_ the upper End of the Thread toucheth the Cieling, 
- make a Mark. Do the fame at the other End of 
the Thread or Meridian-line upon. the Floor, and 
make another Mark upon the Cieling ; then witha 
Carpenter’s Line, or a ftrait Ruler, draw a Right- 
line between thofe two Points, which will be ‘a 
true Meridian, or North and South Line, upon 
the Cieling. Then becaufe the Sun’s Meridian 
Altitude, when in the Equinoétial, is equal to the 
Complement of Latitude .of the Place, and be- 
caufe the Angle of Reflection is always equal to 
the Angle of Incidence, wz. a Line imagined to 
be drawn from the reflected Spot upon the Ciel- 
ing, to the middle of the Glafs, makes always the - 
fame Angle with the Plain of the Glafs, that a 
Line drawn from the Sun to the fame would do, 
it will follow, that the Equinoétial muft crofs the 
Meridian juft in that Point that makes an Angle 
with the Plain of the Glafs equal to the Comple- 
ment of Latitude of the Place, which Point in the 
Meridian may be thus found. 

CAuse one Perfon to hold a Thread exaély 
upon the Middle of the Glafs, and ftretching it 
tight, hold the other End up to the Meridian up- 
on the Cieling, to make (as near as you can guefs ) 
an Angle with the Horizon equal to the Comple- 
ment of Latitude ; and holding it there, apply the 

Side of a Gunter’s Quadrant to it, if it make too 
| L 6 great 
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teat an Angle, (keep that End faft upon the Glafs, 
and) flip a little more of the Thread out of your 


Hand, and fo moving gently to and fro, find where: 


it makes juft the required Angle (as fuppofe of 384, 
if it be for Latitude 512 deg.) there make a Mark in 
the Meridian upon the Cicling, for there the E- 
quinoétial muft crofS it; therefore through that 
Mark draw a Line crofs the Cieling at right An- 
giles, with (or perpendicular to) the Meridian, to 
reprefent the Equinoétial. 

Note, It may be as well to putthe Thread thro’ 
the Holes in the Sights of the Gunter’s Quadrants, 
and letting the Plummet play freely, proceed as 
before. 

Keep your Thread ftill faft, one End in the 
middle of the Glafs, and the other End in the 
Point, where the Equino@ial cuts the Meridian in 
the Cieling, turn your Quadrant with its Center 
to the Center of the Glafs, and its Side or Semi- 
_diameter exactly along by the Thread, propping or 
otherwife fecuring it that it may not ftir, then (be- 
caufe every 15, Degrees of the Equinoétial is an 
Hour of Time) remove the String 15 Degrees of 


the Quadrant, and obferve where it. cuts the Equi-: 


noctial, when ftretched to it, and there make a 


} 
{ 


Mark ; do the like for the next Hour, removing 


the Thread. to 30 Degrees, and ftretching it to the — 


Equino@ial, make a Mark, where it cuts it ; do 
the like at 45 deg. 60, fc. as far as you can, 
which done, remove your Quadrant ro.the other 
Side of the Meridian, and fetting of 15, 30, 45, 
60, (sc. Degrees, make Marks on. the other 
Half’ of the Equino@ial,, and fo you have the 
Points where the Hour-lines interfe& the Equino- 
étial, which are to be numbred with I2, Where 
_ the Meridian. cuts. the. Equinodtial , and from 

thence 
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thence Eaftward with 2, 2, 3, ésc¢. and Weft- 


ward with 11, 10, 9, és. as far as the Room 


extends. 

Note, You may continue the Egquinodial 
down by the Sides or Walls of the Room, as 
well as upon the Cieling over it; if you conti+ 
nue the Quadrant at the aforefaid Elevation, and 
continue the Equinoétial down the Wall, fo as 
that it may juft coincide with the Plain of the 
Quadrant, which may be done by continuing. the 
Thread parallel to the Plain of the Quadrant till 
it touch the Wall; and though the Wall be never 
fo irregular, the Equinoétial may be by this means 
continued, and the Hours upon the Wall as well 
as the Cieling may be found by every 15 deg. re- 
moving the Thread. 

As for the Hozr-lines, they are to pafs thro’ thefe 
feveral Points found in the Egutodial by the a- 
forefaid Means, but they muft not cut the. Egui- 
nottial at right Angles. Yo find the Center, or 
Point of Interfection of the Hour-lines will be 
dificult, becaufe it falls without the Room in the 
Air; for as the Equinoétial is elevated equal to 
the Complement of Latitude, fo the Pole is ele- 
vated equal to the Latitude; and as the elevated 
Pole is to the Northward from us, and a Line fup- 
pos’d to be drawn from it to the Center of the 
Glafs, will make with the Horizon an Angle e- 
qual to the Latitude of the Place, fo the reflected 
Axis of the World thall defcribe an infinite Line 
inthe Air tothe Southward, making with the 
_ Horizon the fame Angle. : 

Bur becaufe the Pole or Center of the E- 
quinoctial falls without in the Air, it is not fg 
eafily acceflible for drawing the Hour-lines ; there- 
fore to remedy that Inconveniency, obferve b7; 

| the 
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the Direéions given, (Set. 1.) For drawing ann 
Horizontal Dial, what Angle every Hour-line: 
makes with the Meridian, and in this Cafe, theyy 
muft make an Angle equal to the Complement oft 
the fame Angle with the Equino@ial. As for Exe- 
ample. ; . ; 


Suppose I would make an Horizontal Dial for: 
Latitude 51 Degrees, 32 Minutes North. I! 
fhall find by the Dire@tions given, Se@&. 3x. that: 
the Hour-lines make Angles with the Meridian, 
as followeth. 


d. m. 

T2 0 Oo 
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9 3 makes anAngle of 38 3 
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THESE are the Angles that each Hour-line 
makes with the Meridian; their Complements to 
be made with the Equinodtial, are, 


For 
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¥2 | 90 

Ir J 78 10 

| 10 2 The Angle with | 65 40 
-Fors 9 3 the Equinocti- ¢ 51 57 
8 4 al is 36 25 

ae 18 54. 

’ 6 0.6 6! 


THEREFORE, if through the feveral Points 
found in the Equino@ial for the Hours, you 
draw Lines to make the laft before-mentioned 
Angles with the Equinoétial, they fhall be the fe- 
yeral Hour-lines required, and the Sun fhining 
upon the Glafs fhall reflect the Light at any 
Time of the Year upon the Hour of the Day. 


Note, What is faid here of the Angles 
which the Hour-lines make with the E- 
quinoctial, is meant while the Equinoéti- 
al is continued upon the Cieling parallel to 
the Horizon, and not with Refpect to its 
being continued down the Wall. 


oy rer 


é 


SEC T- 


% 


244  Mechanick’ Dialling. 


YOPUYOANLAYS YS) 
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How to make a Line of C hords, whereby ay Num-- 
ber of Degrees may eafily be fet off upon any. 


Circle, without the fore-mentioned Trouble of di- 
viding it. 


ESCRIBE a Semicircle, and divide the. Circum- 

“ ference of it exaly into two equal Parts 
atc, then divide either of the Quadrants (as fup- 
pofe bc) into 90 equal Parts, as you are direc- 
ted in the firft SeGion of Mechanich Dialling, and 
you may draw the Line bc. Then upon the 
Plain where you intend to make your Line of 
Chords (whether upon a Ruler, a Paper, or Board) 
draw a handfome double Line and a fingle Line 
at a competent Diftance from it, fo as to leave 


Room between. them for. the Figures, as you fee. 
fig. 8. and. let thefe Lines be exactly the Length . 


of the Line bc, from Ato B, which done, and 


the Quadrant very carefully divided: 


Plate 12. into 90 equal Parts, as before direét- 
fig. 8. ed, take a Pair of Compaffes, and 


placing one Foot in the Point b, ex-- 


tend the other to the End of the firft Degree, and 


keepingthat Extent, place one Foot inthe End. 


of the double Line at A, and makea Mark where 


the other falls in the faid Line; then again placing ~ 


one Foot in b, as before, extend the other to the 
End of the fecond Degree, and fet the fame Ex- 


tem onthe Line AB from A towards B, and. 
| where. 


23 
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where that falls make another Mark. Proceed 
in the fame Manner with the third, fourth, or 
firth Degrees, yc. till you have thus transferred 
all the 90 Degrees of the Quadrant to the Line A 
B, (which if right done, will be unequal upon 
the Line A B, being largeft at firft, and lefflening 
gradually towards the laft) always obferving at e- 
very Tenth Degree, as 10, 20, 30, sc. to carry 
the Divifion, through the fingle Line, and 
upon thefe Divifions place the Numbers. 10, 
20, 30, ésc¢. for the more immediate Num= 
ber of the Degrees, the intermediate Degrees be- 
tween every 10, being to be numbred from the 
next lefS even ten, as the third fmal! Divifion be- 
yond 30 is 33, és¢. and then is your Line of 
Chords finifhed. eo 

It is always obferved, that the Chord of 60 is 
equal to Radius, that is, when a right Line is tru- 
ly divided by thefe Dire@tions, the Extent from 
the Beginning of the Line at A to the 60 Degree, 
is juft equal to g b the’ Semidiameter of the Cir- 
cle, by which the faid Line was divided; there- 
fore in PraGice, whenever you would drawa Cir- 
cle, that you propote to divide by your Line of 
Chords, it muft always be a Circle of the fame 
 Bignefs of that, by which your Line of Chords 
was made, in order to which, whatfoever Line 
of Chords you intend to work with, take 60 
Degrees of the Chord, (that is, the Extent from 
the Beginning of the Line to 60) and with that 
Extent, and one Foot where you intend to make 
_ your Center, fweep a Circle, or ahalf, or a quar- 
ter of a Circie, as you may have Occafion, and 
when you have any given Number of Degrees to 
fet upon the Circle, from any given Point, extend 
your Compaffes from the Beginning of the Line 
of Chords to the Degree propofed, and. with that 

Extent, 
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Extent, and one Foot in the given Point, obferve 
Where the other Point falls upon the Circle, and 
make a Mark; for that is the Number of Degrees 
required. 


EXAMPLE. 


It is required: to fer 37 Degrees upon the Quar- 
drant dc, from d towards. Place one Foot of 
your Compafles in the Beginning of the Line of 
Chords at A, and extend the other to 37 De- 
Brees, (viz. to feven fmall Divifions beyond the 
Number 30) then with that Extent applied to 
the Circle, one Foot in the given Point d, the o- 
ther will reach to n, the Quantity of 37 deg. re- 
quired. 

To meafure agiven Arch of a Circle, is jutt the 
Reverfe of this; for, takethe given Arch, or the 
Diftance between the two given Points in a Cir- 
cle in your Compaffes, and apply that Extent up- 
on your Line of Chords, (always putting one 
Foot upon the Beginning of the Line) the movea- 
ble Foot falls upon the Degree required, 


EXAMPLE. 


Ir is required to meafure the Arch dn in the Se- 
micircle deb. Place one Foot of your Compaf- 
fés in d, and the other in n, that Extent apply’d 
to the Chords, gives 37 deg. &9’c. 

Bur no Line of Chords will meafure any Cir- 
Cle, but thofe of the fame Diameter with that 
from whom the Line is projected ; therefore it may 


be proper to make or have Lines of feveral Raq 


dius’s; but if you have not fuch Variety, that 
eficiency may be in fome Meafure remedied 


Dd 
thus : 
To 
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To meafure any Part of any Circle, (whether 
it be to a larger or lefler Radius than your Chords 
are made for, it matters not) take in your Com- 
paffes the Chord of 60 deg. from your Scale, and 
with one Foot in the Center of the Circle that is , 
to be meafured, draw a Circle which will be pa- 
rallel to the Gircle to be meafured, but whether 
within or without, ic is the fame ; but ,in this 
Cafe, we will fuppofe it falls without the Cir- 
_ cle that you would meafure. Lay a ftrait Ruler 
from the Center to the Point, from whence your 
Number of Degrees-is to be fet off, and obferve 
where it cuts the Circle laft drawn, and make a 
Mark, from which fet the given Number of De- 
_ grees, and where the Degrees end, and from the 
Center, lay a Ruler, and obferve where it cuts 
the firft Circle’; for between that Point, and. the 
Point firft propofed, is the Number of Degrees re- 
quired to be fet off. 


XA ME Po LE. 


. Te the Ge inteiete xy 2. le 4s re- 

- quired to fet off 37 deg. from xto- Plate 12. 
wards y, but having no Chord to. fig. 8. 
that Radius, take the common Chord, 

and with the Sweep of 60, draw the Circle dc "by, : 
upon which fet 37 deg. from dton, and laying a 
Ruler from the Center to n, it cuts the inner Cir- 
cle in o, and the Arch x o in the leffer Circle, is 
equal to dnin the greater, wz. 37 deg. as required. 

I fpeak of meafuring or fetting off promifcuoufly, 
one being the Reverfe of the other, and Farther, 
Repetitions would be needleis. 

Bur the beft Way of dealing with Circles of 
different Radius’s, is by a Seétor, whereon you 
have the Chords commonly marked C, which 

pro-= 
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proceed from the Center to (near) the End of the 
~ fame Side of both Legs, being exactly graduated 
alike ; and in Order therewith to meafure any 
Part of any Circle of what Diameter foever, Firtt, 
Take in your Compafles the Radius or Semidia- 
meter of the Circle, then open your Se&or to 
that Widenefs, that the Compafles (kept as they 
were) may reach from the Brafs-point at 66 on 
one Leg of the Sedfor, to the Brafs-pin or Point 
at 60 on the other Leg thereof; then if you 
would fet off any Number of Degrees (fuppofe 
45) from any Point in the Periphery of the faid 
Circle, keeping your Seétor at the fame Opening, 
extend your Compaffes from 45 on one Leg to 45 
on the other, that Extent contains 45 Degrees of 
that Circle, and placing one Foot where the Leg 
in the other will find the Point where they end ; 
and the fame Method is to be ufed for Circles to 


any Radius or Arches containing any Number of — 


Degrees. 
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How to make a Dial that feall give the true Hour of 
the Day, without a Stile or Guomon, oly by the 
Shadow of one Part of it appearing upon anotber 
Part thereof. 


T HERE is oneof this Sort of Dials near 


the South Heft Corner of Middle Moor-fields, 


and in fome other Places in Lowdow; but for the 
Making of them, you need have no Regard to 
the Latitude of the Place, for that is to be confi- 
, \ dered 
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. dered in the placing, and not in the making of 


_. them; in order to which, prepare a Piece of 


Wood, Brafs, or Iron, of Bignefs at Pleafure, 
in the Form of a Crofs, having one of 
the Four-ends longer than any of the Plare 12. 
» other three, and let tH@ Thicknefs of Fig. 9. 

it be about equal to the Length of 
one of the fhorteft Ends, as you feein the Fi- 
pureabcdefghi k 1 m, where bc and 
cd and 11m are fuppofed equal, andf g equal 
to hi, is longer than any of them; then for 
finding the Hours, take a Piece of plain Plank, 
or Wainfcot, as long as the Line f g, and as 
broad as the Length of the Line cd js intended 
to be in your Dial; fuch a Piece is exactly re= 
prefented by Parallellogram, or long Square, fg 
hi, and which indeed may ferve for the Purpofe 
following. 


Take the Extent fi, or h g, (which are equal) 
in your Compaffes, and with one Foot ini, the 
very Interfection of the Side ke with the Side 
ah, and draw the Qudrant fn, which divide in- 

to 6 equal Parts for 6 Hours, becaute it is a Quar- 
_ ter of a Circle ; and where thefe equal Divifions 
fall, make the Marks * * *, &&c. A Ruler 
laid from the Center i, through the Marks * * x 
¢. will cut the Line fg in the Points r x vis 
Coe. then the Pofition of this Djal being to be 
with the End a b, to face the South, and the up- 
per Part of the Dial to lie parallel to the Equi- 
noctial, (not to the Horizon) the Sun at 12 a 
Clock will thine juft along the Line am or b 
C; and therefore place 12 at m and c, then ‘it is 
plain, that from r2 to 3, the Shadow of the 
Corner a will pats along the Line m1; there- 
fore take from your Projection the Diftance f fs 
4 . | and 
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and place from 12 to 1. Take alfo f x, and 
place from m to 2, and the Diftance f 2 will be 
equal tom; therefore, at 1 place 3, and at 3 
“1 the Afternoon the Shadow of the Corner a, will 
eo quite off the Side 1 m,.,but the Shadow e will 
be come upon the Line f g as high as 2 3 there- 
fore at 2 place 3, and at x place 4, andatr place 
5, and then 6 mutt be in the Corner f, becaufe at 
6 the Sun will fhine right along the Linc e f; place 
6 alfo at the Corner c, becaufe the Sun at 6 fhines 
right along the Line c d, and from 6 till 9 (if it 
be in a. Latitude where the Sun continues up fo 
Jate) the Shadow of the Corner at d is pafling a- 
long the Linecb; therefore take in your Com- 
pafles the Diftance fr, and fet from 6 to 7. Take 
alfo fx, and fet from 6 to 8, and the Diftance f 
2 is equal to c b; therefore at the Corner b place 
9, becaufe the Shadow of the Corner d goes off 
the Line bc at 9. Then for the Morning Hours, 
the Shadow of the Point 1-will enter upon the 
Line a mat the Point a, juft at 3 in the Morning ; 


therefore draw Lines from 7 and 8 in the Line 6 | 


c, which let be drawn parallel to ab, orm, and 
having placed 3 at the Corner a, place 4 upon the 
End-of. the Line that comes from 8 and 5, up- 
on the End of the Line that comes from 7, and 
then 6 will be in the Corner m, becaufe at 6 
the Sun fhines juft along the Line 1 m, and from 
6 till 9 the Shadow of the Point k is paffing a- 
long the Side ih; therefore having placed-6 inthe 
Corner i, draw Lines from the Points r x 7 paral- 
Icl to gh, and at the other End of thefe* Lines, 
viz. upon the Side ih, place the Hours ra) ae 
and 9, and when the Shadow of the Point k 
comes at 9, the Shadow of the Point b is at the 
Point d, and from 9 to 12, the Shadow of b 

; paffeth 


i 


~~ a 
ry 
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_ paffeth along the Line d c, and at 12, the Sha- 
_dow of b is cometoc ; therefore take the Diz 
tances fr, F x, and fz, and, fet.from eto Ir and 
10, the Diftance f 2 being juft equal toc d, and 
then is your Dial finithed ; the Sun, as it goes off 
from one Part of it, comes on to another, fo 
that the Time of the Day may be always found 
upon fome Part or other of it, when the Sun 
fhines. 3 
Tue Reafon why thefe Dials require Thick- 
nefs, as well as other Dimenfions, is, becaufe be- 

ing placed parallel to the Equino@ial, the Sun 
_ fhines upon the upper Face all the Summer, and 
at the Longeft Day is elevated 233 deg. above the 
Plain of the Dial, and confequently the Shadow ~ 
of a, will fall at Noon in the Linea m, but not 
in. the Point m, but at an Angle of 233 deg. 
therewith, which muft be accounted for in the 
Thicknefs of the Body of the Dial. 

Note, It is not neceflary that any of the Ends 
of the Dial thould be longer than another, only 
for Ornament ;_ but if you would make one of 
thofe Dials for any Place beyond the Artick or. 
Antartick Circles, where the Sun js fometimes 
feen all the 24 Hours, it is necefiary all the Ends 
thould be alike, becaufe then the Sun would 
come on fo one Part as it goes off from ano- 
ther continually, which hOW it cannot ; for the 
Sun coming up in the Morning, the Shadow of 
§ would have quitted the Line f e at ey before 
the Shadow of 1 would come on to the Line a 
m at a;. but if fg was cut off at z, and f z made 
equal to am, or m 1, és’. the Shadow of 2 | 
would juft quit e when the Shadow of ] :enters 
upon the Linea m ata. 


THE 
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-» Tue Sun’s Place or Declination may be infer- 
ted in thefe Dials as eafily asin any; for if yom 
take in your Compafles the Extent a m, and with 
one Foot in the Point or Corner a, and with thee 
other {weep an Arch from the Corner at m down-- 
wards, and with that froma Chord to the fame 
Radius, fet off every 5 or 10 Deg. of Declina-- 
tion, or the Sun’s Declination at his Entrance in-- 
to each of the Twelve Signs, being fet off upom 
the Circle, and Lines drawn through thefe Marks: 
to the Corner under m, and from thence parallel 
tob m, and cd will give the Sun’s Entrance inta 
the 12 Signs by the Shadow of the upper Point a. 
in the Summer Seafon, while the Sun fhines upom 
the upper Surface of the Dial ;. but in’ the Win- 
ter, the like Method muft be ufed with the lower: 
Part for the Southern Sign, the Declination in-. 
creafing upwards, and decreafing downwards. 


The Suns Declination at his Entrance into the 12 
Sagas, 13 as followeth. | 


\ 


North Declination. South Declination: 

do" my. d.. mi 

¥ Aries | oe) s Libra O° aig 
3 Taurus II 30 m Scorpio 1m 3¢ 
H Gemini 20 12 g Sagittarius 20 12 
% Cancer 23° 35 vp Capricornus23 3¢ 
KX Leo 20 Is x, Aquarius 20 12 
mp Virgo . Tx 230 x Pifces 1 oe 


In making thefe Dials, there is no Regard te 
be had to the Latitude of the Place; that being te 
be confidered in placing them, which mutt be done 
_ fo, that the upper Face of the Dial may be juf 
paralle! 
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parallel to the Equator, the Line a m and b Ce i 


pointing at the South Part thereof; in Order to 
which, having found the Meridian of the Place, 
fet the Dial exaétly North and South, and lay a 


_ ftrait Ruler along the Middlé of the Dial, from h ~ 


gtoab, letting it hang over at the Endab; then 
on the under fide of that Part of the Ruler that 
hangs over, fix a Gunter’s Quadrant with one of 
its {trait Sides to the Ruler, and the Center. to- 
wards the End of the Ruler ; which done, elevate 
the End a b of your Dial by little and little, till 
the Plummet (having free Liberty to play) falls up 
on the Complement of the Latitude of the Place; 
or, (which is the fame) till the Plain of the Dial 


make an Angle with the Horizon equal tothe aforee 


faid Complement of Latitude ; then is your Dial 
fit for Obfervation, there being always fome Side 
of it, upon which the Hour of the Day may be 
feen, if the Sun fhines. - ee ae 
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Of Painting of Drats. 


SECTION FE 


1. How to prepare your Oyl for laying on the Colour 
. upon Dials. 


“AK E one Gallorf of Linfeed Oy!, and fet it 

= upon a CharcoalFire, and when it is about to 
boil, put into it two Pound of Red-lead, and let 
it boil together for about an Hour; but the beft 
Way to know, when it is boiled enough, is totake 
a little of it out, and let it cool, and then if it 
roaps like thin Tar, it is enough. his done, 
‘put a lighted Paper to it, and fet it on Fire, to 
confume the greafy Part of it, which will be done 
in a Minute or two, or more or lef$, according to 
the Quantity of “your Oyl;, and when it bas burnt 
long enough, clap a Cloth, or any other thing 


clofe over it, and extinguifh the Fire ; after which . 


let it cool and fettle, then decant the clear Oyl 
from the Dregs, and keep it in a Bladder for ufe. 
Tus is called drying Oyl, and withsthis the fe- 
veral Colours are to be ground, in order to paint, 
fo as to endure the Weather, (being firft dry, be- 
fore it be expofed) the feveral Colours we fhall 
defcribe hereafter. 


- ; 2. How 
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2. low to make Gold Size, with which to lay ow 
Leaf Gold. 


TAKE. yellow Oker, and grind it with Water 


“ona Stone, with a Muller, till it be very fine, 


and then lay it to dry, and grind it with the afore- 
mentioned drying Oyl, as you would grind other 
Colours, obferving to put fo much of each that it 


“may be of competent Stiftnefs.to work well, and 


of fuch a Body, . that it may fettle itfelf {mooth 
when laid on, but not fo thin asto run; and take 
Care to grind it very fine, and it will add the 
greater Beauty to your Gold that is to be laid on 
With it. 


SERA RSSSSSESSSEROSEE 


Ee Ladle’: 
Of Colours ufed in painting Sun Dials. 


» 


HE Colours generally ufed in painting Sun- 
Dials, are, 

1. For White, Cerufe and White-lead. 

2. For Black, Lamp-black, Ivory-black, Char- 


coal and, Seacoal-black. 


3: For Red,’ Red-lead, Vermilion, and Cina- 


| bar Lake. 


4. For Green, . Verdigreafe. | 

5. For Blew, Indico, blue Bice, blue Verdi- 
fer, -aad Smalt. “ | 3 oa | 

6. For Yellow, Yellow Oker and yellow Pink. 

7, For Brownz, Spanifo Brown. | 
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Of thefe Colours you may compound Variety of o- 


ther Colours, as, 


1. A little Lamp-black with White, makes an 
Ath-colour. 

2. CINNABAR Lake is a rich Crimfon Colour, 
but mixt with Bice, it makes a fine Purple, ac- 
cording to the-Proportion of Mixture; but mixt 
with White, ic makes a fine Carnation. 

2. BLEw Bice mixed with yellow Pink, makes 
a Green; with Lake a Purple; and with White 
alight Blue And note, that any Blue and Yel- 
low mixed, make a Green of fome Sort or other. 

4. InpiIco mixed with White, makes a Lead 
Colour. 

VERDIGREASE mixt with Yellow Pink, makes 
a lively Grafs-green. 

By this Means may feveral other Colours be 
compounded, and made lighter or darker, at Plea- 
fure, as a little Practice will make evident. 


CANO HAIN AOA RGVR OO AAA OR OCIA 


SECTION III. 
How to prepare the Colours for Painting Sun-dials. 


BEFORE you proceed to the painting of 

Sun-dials in their feveral Colours, it is firft 
neceffary that they be primed; that is, painted 
two or three Times over with Oyl and Colour, 
prepared for that Purpofe, to fill up the Cavities, 
which may (after plaining) remain in the Wood, | 


and to make it pefectly plain, and the more capa- 
ble 
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ble to receive and retain other Colours; and of 
all priming, Spazijh Brows is reckoned to be the 
chief; for, not to mention its Cheapnefs, it dries 
kindly, and gives the Oy! fufficient Time to pe- 
netrate into the Wood, and confequently alfo 
refifts the Weather, and alfo freely receives all o- 
ther Colours which are laid upon Jit. It is of it- 
felf of a Horfe-flefh-colour, and (befides its Ufe- 
fulnefs in priming). it is a natural Shadow for Ver- 
milion, and may be made lighter or darker, ac- 
cording to the greater or lefs Quantity of White 
mixt with it; but in priming, it requires not any 
Mixture, but only the Oy! it felf. 

In preparing the Spazifo Browz for priming, 
grind it very well with the afore-mentioned dry- 
ing Oyl, and make it for the firft priming, fome- 
What thinner than you would do it for painting, 
that it may more eafily penetrate into the Wood; 
which being dry, do it over again with the fame 
Mixture, only mix it a little thicker ; and letting 
that dry, doitathird Time, mixing your Colour 
thicker every Time. And take Care in the prim- — 
ing not only torubthe Breth with the Priming. 
upon the Dial, but alfo bob it againit it, that the- 
Priming may be fure to pierce into all the Cavities 
or Pores of the Wood. ‘This done, and your Di- 
al dry, the third Time it is ready for laying on the 
Colours, wz. painting the Hour-lines, or what 
Ornament or Furniture you think fit to have up- 
on it. 


M 3 If 
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If you are but for making a common Sun Dial, thefe 
four Sorts of Colours will be fufficient. 


1. Spanifo Brown, which prepare, and therewith 
prime your Dial, as before direéted. 

2. Wbite-lead, well ground in Oyl, with which 
after the Priming is thoroughly dry, go over it 
three or four Times, letting it dry between every 
Time; which not only makes a beautiful white 
Ground, but fortifies it yet more againft the Fury 
of the Weather. 

3. Lamp-black, for drawing the Hour-lines and 
Figure. 

4. Vermillion, for drawing the Parallels of Dee 
clination, or what other Furniture you think fit to 
put upon it. | 

Tue Spanifh Brown, Lamp-black, and Vermil- 
dioz, are all to be ground in the drying Oyl, de- 
{cribed at the Beginning of this Chapter; and for 
the White-lead, it is to be ufed in the fame Man- 
ner, only in making drying Oyl for White-lead, 
inftead of Red-lead, ufe Litharge of Gold, and 
proceed as before. 

But if you would have your Dial more rich, 
you muft firft confider, what Colours you refolve 
to have your Lines, Figures, €5’c. to be; and up- 
on what Ground your determined Colours will ap- 
pear moft beautiful, as, 

1. GOLD appears beft upon a blue Ground, and 
indifferently upon a Red. 

2. Biur and Green appear beft upon Yellow 
and White . 

*\ 3. Rep fets off with Yellow, White, Blue, 

or Green. 3 

R 4. YELLOw fets off with Black, Blue, and 
ed. , 


BE- 3 
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Besipes the Directions given already for prepa- 
ring and laying on common Colours, it. will be 
neceflary to fpeak of the laying on the more rich 
and beautiful Colours; and aa 


Low to lay on eee Gold, or to make any Lines, Ti- 


gures, &c. of Leaf Gold upon your Dial. 


Draw your Lines, Figures, or Letters, (or 
what you think fit to have in Gold) with Gold- 
fize; (of which before) which let dry fo, that 
‘when you touch itwith your Finger, it will flick, 
but not come off; then cut your Leaf Gold, as 
near as you can, “into the Form you would have 
it, whether of Figures, Letters, Lines, €¥c. (tak- 
ing Care to cut it rather too. large, than too little) 
and with a flat Stick lin’d with Cloth, take up 
your Gold (fo cut) and put it upon the Size, and 
the Gold will leave your lin’d Stick, and cleave 
to the Size; then prefs it down with Cotton, ora 
Hare’s Foot, and take care that you make the Fi- 
gures, Lines or Letters, in the Gold-fize, and 
that you cut the Gold large enough to cover the 
Figures fo made in the Size; and when it is tho- 
roughly dry, bruth off all the loofe Gold, and the 
Painting will remain beautiful, and be able to ell- 
dure the Weather. 


How to lay on Smalt, to make a fine Blue. 


WuEeEn you have laid on what you think fit in: 


Leaf Gold; take White-lead, mix it pretty ft iff 


with drying Oyl, and with a Pencil lay that on, 
where. you intend your Blue fhail be, and then put: 
your Smalt in a fine Searce, and fift it on to the- 


Dial, and with a Piece of Cotton, dab it down 
upon the White before laid on, ‘and when it is 
M. 4. thos 
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thoroughly dry, wipe off all the loofe Colour 

with a Feather, and blow off the Duft with a 

pair of Bellows, which will eafily blow off, 

except what fell upon the White before laid on 

rf retain the Blue, which will be a very beautiful 
lue. 

OBSERVE as a general Rule, that Priming is to 
be mixt or temper’d thin, but Colours for Lines 
or Figures to endure the Weather, muft be tem- 
per’d thicker, the better to refift the Fury of ftor- 
my, or moift Weather. , 


SECTION IV. 


Of the Nature and Colour of fome of the principal 
Ingredients ufed in painting of Sun-Dials. 


1. ce RUS and White-lead, are the only Co- 

Jours to be ufed in painting in Oyl, and be- 
fides their Ufefulnefs in painting of Dials, Paint 
made up with them and Oy], is frequently made 
ufe of in painting Pofts, Palifadoes, Gates, 
Doors, Windows, Wainfcoting, fc. and an- 
{wers the End of Painting, both as to -Beauty 
and Prefervation ; for they dry well, and ftrong- 
ly refift the Weather. But if you would have 
them to dry yet more fpeedily, you may in the 
Tempering put in a little Oyl of Turpentine, if 
it be within Doors, but without Doors it -is bet- 
ter without, becaufe that does not fo well refitt 
the Weather. 
| 2. Lamp 
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2. Lamp-black is a good Black, if it.be firft 
burnt, then ground, and laftly tempered with 
Oyl. | ; 

if ‘Charcoal is a Black that will ferve for or-- 
_dinary Ufes.; it dries well, but great Care mutt 
be taken that it be well ground... : 

4. Spanifh Brown, the beft is. a deep bright 
Colour, and free from Stones, and being very 
well ground, is the beft for priming: It is of a 
Horfe-flefh Colour, anda proper Shadow for Ver- 
milion. . 

_5. Red-lead is a great Dryer and Binder; for 
which Reafon, it is made ufe ef in the drying. 
Oyl; it refifts the Weather as well as any Colour. 
whatfoever. 

6: Vermilion is a rich Colour, and of a good 
Body, but care muft be taken that it be finely 
ground, even as foft as Oyl, and then it will: 
work extraordinary well: It is beft to buy itin. ‘ 
the Stone, left'you meet with fome that has been 
adulterated with Red-led, or the like ;: it is a 
perfect Scarlet of it felf, and may be altered. 
to feveral Varieties, by mixing with other Co--. 
ours, 

y. Cingabar-lake is a rich Crimfon Colour, and | 
mutt be very fine ground. 7 | 

8. Smalt is a very fine Blue, and it is beft'to . 
be ftrewed on, as before taught; for if you work 
it in Oyl, (though you. wafh it, and mix it with . 
White-lead) yet it. will turn black in Time. If 
you buy it to-work in Oy], the fineft is beft, , 
which is call*d Oy/-Smalt. 

9. Blue Bice.isa pale Colour, and works well | 
though a little fandy. . 

10. Blue Verditer is not fo good a Blue.as Bice - 
and Smalt, though it may ferve in Dial-painting, . 

, M 5: where. 
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where they are wanting ; it is a little fandy, and 
apt to fade and turn greenifh. re 

11. Indico isa very dark Blue, and commonly 
lightned with White, when us’d in Painting, ex- 
Cept in Shadowing ; it grinds fine, and is very pro- 
per for the laft Colour of Pofts, Palifadoes, Doors 
Windows, és. for it refifts the Weather, and 
preferyes the Wood. | 
_ 12. Blue Balls are almoft like Indico, but not 
fo goed a Colour, nor will it endure fo Jong. 

13. Umber is a Hair Colour, it muft be very 
fine ground, which to effeét, requires a great deal 
of Labour; it dries and binds exceedingly, and is 
therefore alfo very proper for painting without 
Doors, as Doors, Palifadoes, és'c. if calcin’d in a 
Crucible, it is a natural Shadow for Gold, and 
fome other Colours, 

14. Verdigreafe is a perfect Willow-green, but 
may be altered at Difcretion, with Yellows, é5’c. 
but being very foul, it muft be mended or clean- 
ded; which may be thus done : Grind it fine, and 
put toi eight Times its Weight of Spirit of Vine- 
kar; digeft tillthe Vinegar is tinged very green, them 
deant the Colour; caft away the Feces, and evapo- 
rate the Vinegar in a BrafsVefica; fo have you a 
very goodVerdigreafe at the Bottom, much more fine 
pnd valuable, thau before it was cleanfed. It dries 
very {peedily. 

1§s Yellow Oker, the Exglifh, the Colour of a 
frefh Wheat Straw; the foreign is fomewhat more 
deep a Colour; it is much ufed in common Paint- 
ing, being ground very fine. 

16. Yellow Piwk is a greenith Yellow; it grinds 

well, and is good to mix with. other Colours, to 
make a Green, | 


Or 


- 
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Or thefe Colours, fome require wafhing, 4s 
Red Lead, Blue Bice, Smale and Verdster 5 which : 
is thus performed : 

Put the Colour into a glazed Veffel, and put 
thereto plenty of clear Water, wafh it well, and 
“(after a while) decant the Water. Repeat this - 
Work fix or feven Times ; at lat (the W ater be- - 
ing but juft troubled) put it into another glazed - 
Veflel, leaving the Dregs at the Bottom; then | 
put fome more Water into this fecond Veffel, . 
and wath it as before, till the Water after {et- 
tling be clear, and the Colour remain fine at the - 
Bottom. 

Note, Before you take the Colour out of they) 
Veflel, fpread it about the Sides of tlie Veffel 
very thin; and when it is dry, it will part of it. 
fall down to the Bottom, which keep by it felf ;- 
but that which fticks to the Sides of the Veffel is: 
the beft, and is as fine as any Flower, that ftrike - 
of with a Feather, and keep it for Ute. ; 

Tur Colours that require wafhing being thus 
prepared, (or if they are thofe that do not require. 
wathing, they are done without) your next Work. 
is to grind them, which is done thus: | | 

Taxe a Spoonful or two of the Colour you 
intend to grind, and put to it a little Linfeed- 
Oyl, (but be careful you put in too Tittle rather 
thar too much); mix them together, and upon - 
your Stone with a Muller, grind them well, ad-. 
ding Oyl by Degrees, as you fee if requires it, to. 
maie it like an Oyntment, (always obferving, that - 
it grinds much better when it is thick, than when | 
‘tis fo thin as to run about the Stone) every now” 
and then fcrape it up together with a thin Knife, . 
‘or Lanthern Horn, to Keep it at or near the mid- 
dle of the Stone, and fo continue to work, till. 
you have ground as much as you have Occafion : 

ty M 6: | for s3 
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for; which done, clean your Stone, by grinding 
Sand and Water upon it, and then wath and dry 
it, and the Muller; and when you go to make 
ufe of it; mix it with drying Oyl, till it be fo 
thin as to run freely from the Pencil, yet fo-thick, 
that the Ground may not appear through it, or 
to run when it is laid on, and then it will be 
the more beautiful Colour, and better endure the 
Weather. | 


CREB REESE ERE, 


SE G:-T LON: Vz 
4fow to make fome Original Colours, &c. 
| 1. Zo make White-Lead. 


FAKE as many. Plates of fine Lead as you 
"_pleafe, and then put them into an earthen Pot, 
or Crucible, fill the Pot with White-wine Vine- 
gar, and cover the Top of it clofe with Clay, bu- 
Ty itin a Cellar, or fome moift Place, for feven 
or eight Weeks, and there will be White-lead 
upon the Plates, which wipe off, and keep for 
Ufe.. | 3 


a. To. make Verdigreafe. 


Hanc Plates of Copper over the Fumes of A- 
qua-fortis, or Spirit of Nitre; or dip the Plates 
in the fame, or.in Vinegar, and the Ruft or Scurf 
that is by that Means bred upon the Plates, is 

Yerdigreafe,. | 
3. To 


“ ess: | 
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3. Zo make Ultramarine. 


Paxe Lapis Lazuli, the deepeft coloured you 
can get, having few Veins of Gold in it, cover 
ir clofe up in a Crucible, and heat it red hot, and 
then quench it with Urine, Vinegar, or Water, 
in an Earthen Pot well leaded; dry it well, then 
with a pair of Pincers pull off the hard, white of 
grey Parts of it, then grind the reft very fine 
ae Honied Water, and dry it, and keep it for 
Ufe. | 

Note, The Honied Water is made by boiling a 
Quart of Water with two Spoonfuls of Honey. 


4: How to make. the beft Glue, for gluing the Foints 
of Boards for Dials, or the like. 


Taxe Milk that hath ftood fo long, and been 
fcum’d fo often, that no more Cream will arife; 
and when {cum’d very clean, boil ita little in a 
leaden Pot, and if any Cream yet arife,. be fure to 
take it clean off ; then put into the Milk a fam- 
cient Quantity of Glue cut in fmall Bits, which 
will foon melt : Boil it to a good Body, but not. 
too thick nor too thin; then take it from the Fire, 
and keep it for Ufe. : 

Note, You muft take Care, that in boyling it 
you do not burn it to the Sides of the Pot, for 
that takes away much of the Strength of the Glue; 
but if it be made with due Care, it binds beyond ~ 
any other Glue, and is better able to refift the Wea- 
ther ;_and therefore, the fitteft for glueing Boards 
for Sun-Dials, or the like. 


§: How. 


5. 
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5. Howto make an exceeding ftrong Cement or Plai- 

fier, with which to form any Dial-plain upon the 

Side of a Houfe or Wall, and to endure the Wea- 
ther, not inferior to Stone. 


Take Lime and Sand, and temper it with Lin-- 
feed-Oyl to the Confiftency of Mortar, or com-. 
mon Plaifter, and fpread it upon the Wall to a 
competent Thicknefs, it will become as hard as a- 
Stone, and laft many Ages; and upon this you 
may defcribe a Dial, and put on the Lines, Fi- 
gures and Furniture, as before dire@ed. 

Note, If you are in the Country, remote from 
any Opportunity of getting Linfeed-Oy], you may 
make it with fcum’d Milk, which will be very 
fuperior to Plaifter made. with Lime, Hair, and 
Water... 

- HAvING proceeded thus far in Colours for Pain- 
ting to endure the Weather, ir may not be impro-. 
per to add fomething of tranfparent Colours far. * 
the Colouring of Maps, or any Dranghts upon 
Paper or Vellum; of which, in Order. 


Firft, A Yellow. 


Tue fineft that you have Occafion to ufe, will’ 
be your French yellow Berries, which fteep’d in 
a Gallipot of Water, with a very little Allum, 
about 12. Hours, makes a very beautiful Colour. 


Secondly, A. Red. 


TAKE a Quantity of Brazil, about four Ounces, 
and boil in a Point of Grounds of Ale, adding a- 
bout a Quarter of a Pint of Vinegar, a fimall 
Quantity of Gum-Arabick, and about an Ounce 

of. 
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of Allum; let them boil, very well, and ftrain the 
Colour through a fine Linnen Cloth. 


Thirdly, A Sea Green. 7 


Take a Quantity of Verdigreafe, about four 
Ounces, boil it in a Pint anda half of Water, 
firft putting about half an Ounce of Argul to it, 
let it boil till the Colour flains pretty deep. a 


Fourthly, A Grafs Greex. 


Is compounded of the Yellow of yellow 
Berries, and the Sea-Green mixt according to 
Diferetion.. : | 

Tur Fifth, which is brown, commonly ufed 
for Roads, Barks of Trees, Cec. is burnt Umber, 
which you muft grind very fine, with fome 
Gum- water. 


 Gum-water is only Gum-Arabick {teep’d in Wa-. 
bi ter, “tut diffolv’d. | 
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a 

A TABLE of the three Requifites. in Dialling, 
for Latitude 51 deg. 30 min. 
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A Taste of the three Requifites in Dialling,| 
for Latitude 51 deg. 30 min. 


iS ™ 
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A Taste of Meridional Angles. 
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a Defign of the firft Table, (Entituled 4 
Table of the ‘Three Requifites in Dialling, for 
Latitude 51 Degrees, 30 Minutes) is to fave the 
Trouble of Calculation, according to the Direc- 
tions given elfewhere in this Book, and is adjuft- 
ed to Latitude 51 deg. 30 min. and to all De- 
clinations in that Latitude. Its Ufe'is, if itis » 
required to make a. Dial for Latitude s1 deg. 
30 min. to decline any Number of Degrees from 
the Meridian, feek the Declination in the firft 
Column, entituled, (Declization) and againft it 
in the fecond Column, you have the Subftile’s 
Diftance from the Meridian: In the Third 
you have the Height of the Stile, or the Angle 
that the Stile makes with the Plain ; and in 
‘the fourth Column, you have the Inclination 
“of Meridians, or what is by fome called 
the Plain’s Difference of Longitude ready cal- 
culated. ear é: 


4 
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Ad 


EXAM P'LE. 


Ir is required to make a Dial for -Latitnde 


51deg. 30 min. to decline from the Meridian 
36 deg. (itis no Matter in this Cafe, whether 
the Declination be Eaft or Weit, the Requifites 
being the fame in Quantity in both, only upon 
different Pofitions,) I look in the firft Column, en- 


tituled, (Declization) for 36 Degrees the Declina- 


_- tion propofed, and 1 find againft it in the fecond 


Column 25 deg. 4 min. forthe Subftile’s Di- 
{tance from the Meridian, or the Angle, which 
the Subftile makes with the Meridian, or perpen- 


. dicular Line of the Plain. In the third Column 


I find 30 deg. ra min. for the Height of the 
Stile, or the Angle that the Stile makes with 
the Plain of the Dial. In the third again{t 36 
deg. you find q2 deg. 52 min. for the Inclina- 
tion of Meridians, or the Plain’s Difference of 


Longitude, which being all found by Infpec- 


tion in the Table, you. may proceed to make | 
your Dial as elfewhere direG@ed in this Book, » 
and that without any more Trouble of Calcu. 


‘Tation. 


AND by the fame Rule, if you,would-make a 
Dial. for. the aforefaid Latitude of §1 deg. 30 
min. to decline from the Meridian 86 deg. you 
find in the Table the Subffile’s Diftance from the 
Meridian is 38 deg. 26 min. the Stile’s Height 
is 2 deg. 28 min. and the Inclination of Meri- 


Gians is 86 deg. 52 min. But in this Cafe, the 


Height of the Stile is fo fmall, ‘that it is be{t to 
make the Dial without a Center; of which be- 
1S) oh a un 


THE 


Tae fecond Table, eactaled (A Table of :Me- 
ridiozal Angles) contains eight Columns, of which — 
the firft' contains the Latitude propofed fora... 


Horizontal Dial ; and the laft is the Complement 
thereof, which is alfo the Latitude for direct South 
Dials; itis of Ufe in both forts of Dials. 


EXAMPLE. 


Teepe, Pe eR aes Neri ag ren SURE UL nN NY 


The Ufe ‘of the Tables. a 


I_ would make a Horizontal Dial for Latitude 


54 Degrees.. I look in the firft Column of the 
Table under (az Horizontal Dial Latitude) for 54 
Degrees, and againft it in the fecond Colunin, I 
find 12 Degrees 13 Minutes, and over the Top 
of that Column xi. i. which fhews, that the 


Hour-lines of 11 and 1 make an Angle with the © 


Meridian of 12 Degrees, 13 Minutes. In the 
third Column, you have 25~Degrees, 2 Minutes, 
and over that Column is x. ii. wz. the Hour- 
lines of 10 and 2, make an Angle with the Meri- 
dian of 25 Degrees, 2 Minutes, and confequent- 


IY, the Hour-lines of 9 and 3, make Angles with © 


the Meridian of 38 Degrees 58 Minutes. The 


Hour-lines of 8 and 4 make Angles of 54 29, the | 


Hour-lines of 7 and 5, make Angles of 71 and 


74, the Hour-line of 6 making always sais Ane 


gles with the Meridian. 
EXAMPLE. d 


Ip you would make a direct South Dial, the 


‘Rule is the fame, only-you are to. find the given 


Latitude on the right Hand, or Column. of the 


Table, and proceed as before; as fuppofe you - 


would make a South Dial for Latitude 40 deg. 


2 , ae! 


pao ‘The Ofe of the Tables, . 
ess. af eee, a Fee S ; Cee - = x %y 2 , & 
you find in the Table againft 40, in the laft Coo 


_ Jumn, that the Hour-lines of 11 and 1, make Am 
. gles with the Meridian of 11 Degrees, 35 Mii 
---_- qutes, the Hour-lines of 10 and 2 make Angles on 
23 Degrees 52 Minutes ; and fo in the reft, as ii 
the Table, the Hours on a South Dial being to bb 
mm: numbred contrary to thofe. of a Horizontal Diail 
eS ‘as hath been fufficiently taught in the former Pam 
of this Book. | ; 
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